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METHODS AND COMPOSITIONS FOR 
REGULATION OP S-ALPHA REDUCTASE ACTIVITY 
Technical F*dd of The Invention 

The present invention relates generally to compounds, compositions and 
metbods regulating the action ami function of androgens and other steroid 
hormones by modulating the activity of steroid-rednctases, including isozymes of 
5a-reductases. More specifically, the present invention relates to the use of these 
compounds to regulate processes or treat disorders that are modulated by androgens 
or other steroid hormones or are caused by abnormal actions of androgens or other 
steroid hormones in cells or organs of animals, humans, plants, or microorganisms. 
This invention relates to the use of natural and synthetic flavanoids, catechols, 
curcumin-related substances, quinones, catechins and fatty acids and their 
analogues or derivatives as 5a-reductase isozyme inhibitors and as therapeutic 
agents. These compounds can also be used in promoting or modulating desirable 
production of specific products for commercial purposes. 
Background of the Invention 

In some of the androgen-seasitive organs, such as the prostate and skin, 
testosterone (T) is converted to a more active metabolite 5a-dihydrotestosterone 
(DHT) by 5a-reductase (Anderson and Liao, 1968; Bruchovsky and Wilson, 1968). 
Other substrates of 5a-reductases are also converted to reduce products that may 
have specific properties. Inhibition of 5cc-reductase represents a unique approach 
for developing therapeutic methods for androgea-dependent diseases, such as 
benign prostatic hyperplasia, breast and prostatic cancer, skin disorders, seborrhea, 
common baldness, hirsutism, and hidradenitis suppurative. Various compounds 
have been shown to inhibit 5<t-reductase activity (Liang and Liao, 1992; Hirsch et 
aU 1993; Russell and Wilson, 1994; Liao and Hiipakka, 1995). Finasteride 
(Proscar), a 5a-rednctasc inhibitor, lowers the level of DHT in serum and the 
prostate, reduces prostate volume and increase urinary flow in some patients 
(Stoner E. Finasteride Study Group, 1992). Certain aliphatic unsaturated fetty 
adds, such as y-linolemc acid (Liang and Liao, 1 992) and catedun-3-gaDates (Liao 
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and Hnpakka, 1995), can inhibit 5a*eductaseactmtyoffiv» 
and humans in vitro. 

5aJlednctase is found in many organs (ElosseU and Wlscm, 1994; Hiipaldca 
etaM 993) including the sebaceous gland of hamsters (Takayasu and Adactd, 

5 1972) and hnman hair follicles (Randall, 1994). Two 5a-reductase isozymes have 

beta identified in rats and humans (Russell and Wilson, 1994). The type 1 isozyme 
predominates in rat tissues such as liver, kidney, brain, and lung, whereas the type 2 
enzyme is more abundant in rat testis and epididymis. Both isozymes are found in 
skins of the neonate, but the type 1 isozyme is the mqorfbnn expressed in the skin 

10 after puberty. The type 1 isozyme is also expressed in balding scalp. Hie 

possibility that the type 2 isozyme plays a unique role in skin and hair growth 
cannot be excluded. Finasteride, a 4-azasteroid, is a competitive inhibitor of 5a- 
reductases and has an affinity 30-fold higher for isozyme 2 than for isozyme 1 
(Russell and Wilson, 1994). In contrast, the green tea catechins, epicatechin-3- 

15 gallate and epigallocatechin-3-gallate are more effective inhibitors of the type 1 

enzyme and y-Hnolenic acid inhibits both isozymes equally well (Liao and 
Hiipakka, 1995). 

In the stumptail macaque, a monkey model of androgenic alopecia, 
finasteride given orally prevents frontal baldness (Diani et al, 1992). The paired 

20 hamster flank organs, one on each side of the costovertebral angle, arc highly 

sensitive to androgen stimulation. Topical application of y-linolenic acid 
suppresses only the androgen-dependent growth of the treated hamster flank organ 
without showing systemic effects on the contralateral flank organ and this effect is 
very likely due to local inhibition of 5cc-reductase* 

25 Uses of androgens known to die medical arts include, for example, 

treatment of hypogonadism and anemia. The abuse of androgens among athletes to 
enhance performance is well known. Androgens are also known to promote the 
development of benign prostatic hyperplasia (BPH), prostate cancer, baldness, acne, 
obesity ami undesirable lipid and steroid profiles in blood and organs. 

30 Approximately 70% of males in the US. over the age of 50 have pathological 

evidence of BPH. Prostate cancer is the second leading canse of cancer death in 
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males in the U.S. Male-pattenied baldness can start as early as fee teens in 
genetically susceptible males, ami it has been estimated to be present in 30% of 
Caucasian males at age 30, 40% of Caucasian males at age 40, and 50% of 
Caucasian males at age 50. Acne is the most common skin disorder treated by 
physicians. In women, hirsutism is one of the hallmarks of excessive androgen. 
The ovaries ami the adrenal are die major sources of androgen in women. 

In men, the major androgen circulating in the blood is testosterone. About 
98% of the testosterone in blood is bound to serum proteins (high affinity finding to 
sex-steroid binding globulin and low affinity binding to albuminX with only 1-2% 
in free form. The albumin-bound testosterone, the binding of which is readily 
reversible, ami the free form are considered to bebioavailable, and account for 
about 50% of total testosterone. Testosterone enters target cells apparently by 
diffusion. In the prostate, seminal vesicles, don, and some other target organs, it is 
converted by a NADPH-dependent 5a-reductase to a more active metabolite, 5a- 
DHT. 5a-DHT then binds an androgen receptor (AR) in target organs. The 5a- 
DHT-receptar complexes interact with specific portions of the genome to regulate 
gene activities (Iiao et aL, 1989). Testosterone appears to bind to the same AR, but 
it has a lower affinity than 5a-DHT. In tissues such as muscle and testes, where 
5a~reductase activity is low, testosterone may be the more active androgen. 

The difference between testosterone and 5a-DHT activity in different 
androgen-iesponsive tissues is further suggested by findings in patients with 5a- 
reductase deficiency. Males with 5a-rednctase deficiency are bom with female-like 
external genitalia. When they reach puberty, their plasma levels of testosterone are 
normal or slightly elevated. Their muscle growth accelerates, the penis enlarges, 
voice deepens, and libido toward females develops. However, their prostates 
remain non-palpable, they have ieducedbodyhair^andthey do not develop acne or 
baldness. 

The findings in 5a-reductase deficient patients suggest that inhibitors of 5a- 
rednctase would be useful for the treatment of prostatic cancer, BPH, acne, 
baldness, and female hirsutism. Clinical observations and animal experiments have 
indicated that spermatogenesis, maintenance of libido, sexual behavior, and 
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fee dbac k inhib ition of gonadotropin secretion do not require the conversion of 
testosterone to 5a-DHT. This is in contrast to other Iwimonalthi^es which 
abolish the actions of both testosterone and 5a-DHT. 

Treatment of androgen-dependent skin and prostatic diseases by 5<*- 
reductasc inhibitors would be eipected to produce fewer side effects than 
presently available hormonal therapies. These include castration, estrogen therapy, 
high doses of superactive gonadotropin-releasing hormone such as LuproKde, and 
the use of competitive antian dmgens which inhibit AR binding of testosterone and 
5a-DHT, such as flutamide, cyprotcrone acetate ami spironolactone. The long term 
efficacy of competitive antiandrogens is also compromised by their block of the 
androgenic feedback inhibition of gonadotropin secretion. This increases testicular 
secretion of testosterone. The higher level of testosterone eventoally overcomes the 

action of the antiandrogen. 

Excessive 5a-DHT is implicated in certain androgen-dependent pathological 
conditions including BPH, acne, male-pattern baldness, and female idiopathic 
hirsutism. It has been shown that 5a-reductase activity is reported to be higher in 
hair follicles from the scalp of balding men than that of non-balding men. 

Since treatments of androgen-dependent skin and prostatic diseases by Sa- 
reductase inhibitors can produce fewer side effects than the hormonal therapies 
which indiscriminately inhibit all androgen actions, it is desirable to provide 
different types of Scwreductase inhibitors, 
ttr^f Summar y Of The Invention 

The present invention relates generally to the utilization of certain 
compounds for the control of androgen activity in target organs and cells through 
the modulation of a 5o-reductase activity. In certain aspects, these compounds are 
employed to repress androgenic activity by inhibiting the formation and availability 
of active androgen in target cells. Consequently, the present invention is useful for 
the treatment of a wide van ety of conditions including, but not limited to, the 
treatment of prostatic hyperplasia, prostatic cancer, hirsutism, acne, male pattern 
baldness, seborrhea, and other diseases related to androgen hyperactivity. Several 
of these compounds have been shown to effectively decrease body weight, and in 
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some cases, to decrease the weight of an androgen-dependent body organ, such as 
tbe prostate and other organs. The effectiveness ofthese compounds may be 
dependent also on their action on other mechanisms involved in angiogenesis, cell- 
cell interaction, and on their interaction with various components of organs and 
cells. 

Compounds useful in the practice of the present invention include various 
isomers of saturated and unsaturated fatty acids, natural and synthetic analogues, 
and derivatives from which these fatty acids can be generated as well as the 
metabolites and oxidation products of these fatty acids. The use ofthese and other 
fatty acids and their derivatives is also contemplated. Also useful are catechin 
compounds, particularly, r****^™* that are structurally similar to epicatechin 
gallate (ECG) and epigallocatechin gallate (EGCG). EGCG has an additional 
hydroxyl group on the epicatechin gallate molecule, which has been found to be 
surprisingly active in modulating several 5a-reductase mediated processes. EGCG 
derivatives having such an additional OH group on the altering ECG molecule were 
shown to be active in inducing body wei gbt loss and particularly in reducing the 
size of androgen sensitive organs such as preputial glands, ventral prostate, 
dorsolateral prostate, coagulating glands, seminal vesicles, human prostate tumors, 
and breast tumors in nude mice. 

By analogy with the fatty acid compounds, certain active catechin gallates 
may not enter target cells easily. However, esterificatkm of hydroxyl groups on the 
inhibitor compounds should enhance the ability of these compounds to enter the 
target cells. Once inside the cells, esters would be readily hydrolyzed by esterase to 
alcohols that can inhibit 5a-rednctases (Williams, 1985). 

In more particular aspects of the invention, the inventors have discovered 
that certain catechins, particularly EGCG, can be administered to promote body 
weight loss that differentially affects overall body wdgbt and prostate weigjit loss. 
In particular examples, it was shown that for a certain percentage of overall body 
weight loss, prostate weight loss was percentage-wise more than three times as 
much. The loss in body weight and the organ weight are likely due to EGCG 
interference of a common step in the pathway controlling body weight and the 



organ weight gain* EGCG and related compound 

receptor macromolecule probably containing a protein) that modulates specific 
lipid synthesis and accumulation. lipids can modulate gene expression, cell 
development and differentiation, and organ growth. Specific interference of lipid 
metabolism in die cells and organs may control the growth of the organs, in 
particular, prostate, sebaceous, preputial and other secretory organs. In certain 
applications, it is expected that benign or ahnonnal growth or cancer of these 
organs may be treated or even prevented by administration of catechin related 
compounds. 

It has been demonstrated that catechin compounds will arrest or reduce 
human prostate and breast cancer cell growth. The effectiveness of catechin 
compounds was shown to be dependent on the methods by which these compounds 
were administered to the experimental animals. Intraperitoneal application was 
much more effective than oral administration. It is expected that direct application 
to the organs, such as the prostate, will be very effective. EGCG was surprisingly 
effective in suppressing and even reducing the size of human prostate and breast 
tumors in animal models. The effect was illustrated with EGCG; however, 
structurally similar catechin compounds are also effective, particularly those that 
are structurally similar to EGCG in having at least one additional hydroxyl group as 
compared with ECG. Thus, the EGCG species that contain eight hydroxyl groups 
is significantly more effective in reducing body weight than is ECG, which contains 
seven hydroxyl groups. Compounds of this general structure are expected to be 
particularly effective in chemoprevention and chemotherapy of human prostate 
cancer. Compounds having a part of structure similar to a part of structure of 
EGCG are also expected to be effective. 

Compounds can be used as antiandrogenic agents through topical or 
systemic application. A preparation for this purpose can include a carrier, a 
protectant, an antioxidant (such as vitamin C orE,andvariorocatechinsand 
polyphenols), and other pharmaceutical and pharmacological agents. It is also 
expected that such compounds can be used in a delivery system (oral, local 
application, injection, or implantation) involving molecular recognition through 
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whidi the compounds arc delivered to t^^ Such a delivery system may 
involve, among other methods, liposome techniques or immunological devices. 

Natural or synthetic chemicals thai can modulate the production or cellular 
action of receptors and macromolecules are useful in the treatment of abnormalities 
such as obesity, BPH, prostate cancer, skin diseases, baldness, breast tumors, and 
hirsutism, which am related 
function. 

Animal models can be used to demonstrate fee effectiveness of compounds 
on a variety of cancers. For example, Shionogi tumor and other tumors can be 
studied in male rats. Human breast and prostate cancer cell growth can be studied 
in nude mice. Alternatively , rodent breast tumors induced by carcinogens and other 
cancers induced in transgenic mice or Dunning tumor in rats can be similarly 
analyzed for their chemotherapy by EGCG and related compounds. 

The use of compounds disclosed in the present invention, or in natural 
therapeutically effective amounts of pharmaceutical compositions containing one or 
more of the compounds, in some cases in combination wife other therapeutic agents 
and carriers, or in natural or synthetic products, is appropriate in the treatment of 
various disorders. These disorders include, but are not necessarily limited to, those 
conditions wherein excessive androgenic activities have been implicated, for 
example, male pattern baldness, female hirsutism, skin disorders, BPH, cancers of 
prostate, breast, skin and other organs. 

The present invention is also directed to novel compounds. These 
compounds have the formula: 




I 



where x is -NHCHjCHr or 4»=€H-; 

R,, R 2 and R3 each may be -H, -OH or -OCH3, provided that only one of R t , 
R^andR^maybe-H; 
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Rj and R« each may be -H, -OH, -OCH 3 or -NCCH^ provided that only 
one of K% and R« may be -H; ami 
nisOorh 
and the formula; 




where R is 



H 
OH 






^7 (CYCtOHdCVQ 



o 
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AH of the compositions ami methods disclosed and claimed herein can be 
made without undue experimentation in light of the present disclosure. While the 
compositions and methods of this invention have been described in tenns of 
pre f erred embodiments, it will be appar e nt to those of skill in the art that variations 

5 may be applied to the compositions, methods and in the steps or in the sequence of 

steps of the method described herein without departing from the concept, spirit and 
scope of the invention. More specifically, it will be apparent that certain agents 
which are both chemically and physiologically related may be substituted for the 
agents described herein while the same or similar results would be achieved. All 

10 such similar substitutes and modifications apparent to those skilled in the art are 

deemed to be within the spirit, scope and concept of the invention as defined by the 
appended claims* 

Brief Description Of The Drawings 

In the drawings, which form a portion of the specification: 
15 Fig. 1 shows the structure of flavanoid compounds of the present invention. 

Fig. 2 shows the structure of catechol compounds of the present invention. 
Fig. 3 shows the structure of curcumin and related compounds of the present 
invention. 

Fig. 4. shows quinones of the present invention. 
20 Fig. 5 shows epigallocatechin derivative compounds of the present 

invention. 

Fig. 6 shows the generic formula of the epigallocatechin derivatives of the 
present invention; 

Fig. 7 shows the generic formula of gallates useful in the present invention; 
25 Fig. 8 shows the generic formula of curcumin derivatives useful in the 

present invention; 

Fig. 9 shows the generic formula of quinones and catechols useful in the 
present invention. 

Fig. 1 0 shows fatty acids of the present invention. 
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Detailed Description Off The Invention 
L ^Rednctas^ Activity 

The present invention is concerned with methods of inhibiting 5a-rednctase, 
which include subjecting a cell to an effective concentration of a 5ct-rednctase 
inhibitor such as one of the compounds disclosed herein. It is believed that the use 
of soch inhibitors to block abnormal androgen action will serve to treat cancer in 
conjunction with other anti-cancer agents, chemotherapy, resection, radiation 
therapy, and the like. The compounds of this invention, besides acting as 5a- 
rednctase inhibitors, may have other effects that can lead to antitumor activity or to 
suppress abnormal growth of prostate or other organs. 

In mammalian cells, Sct-rednctasc is very tightly associated with 
intracellular membranes, including the membrane of the endoplasmic reticulum and 
contiguous nuclear membranes. Attempts to solubilize and purify active 5a- 
reductase have not been very successful. The assay of 5a-reductase activity, 
therefore, is performed by measuring the rate of conversion of testosterone to 5a- 
DHT by whole cells or by microsomal and nuclear preparations in the presence of 
NADPH (en2ymaiic assay). Alternatively, the 5<r-reductase activity can be reliably 
assayed by following NADPH-dependent noncovalent binding of a potent 
radioactive inhibitor, such as pH]4-MA (pH]4-MA-binding assay), which strongly 
compel with testosterone for binding to the reduce The results of die two 
assays correlate very well when microsomal preparations from different organs or 
animals are used for comparison. 

A. PH14-MA B faiHng As^a y For Sa-Rednctase 

Briefly, die binding assay solution, in a final volume of 0.15 ml, 
contains microsomes (2-20 pg of protein), 0.07 pCS ofpH}4-MA, 0.1 mM- 
NADPH, 1 mM-ditinofhreitol and 50 mM-potassium phosphate, pH 7.0, with or 
without the i nd ic ated amount of a lipid or an inhibitor pr epar ati on. Lipids are 
dissolved methanol and added in l-5jil volumes. Control tubes receive the same 
amount of ethanoL After incubation at 0*C. fori hour, the [ 3 H]4-MA bound to 
microsomes is determined by collecting microsomes on a Whatman glass fibre filter 
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and washing with 10 ml of 20 mM-potassium phosphate, pH 7.0, co ntainin g 0.01% 
CHAPS to remove unbound pH]4-MA. 

B* Assays Of The Enzymatic Activity Of Mtorrenm»j ^pm-^ 

The standard reaction mixture, in a final volume of 0. 1 5 ml, contains 
microsomes, 1 fiCS of pHJtestostoone, 03-3.0 \sM non-radioactive testosterone, 
O.lmM-NADPH, lmM-dhfaiotiireitol and 50 mM-potassium phosphate, pH 7.0, 
with or without the indicated amount of a lipid or an inhibitor preparation. The 
reaction is started by the addition of microsomes ami the incubation is carried out at 
3T C. for 15 minutes. Steroids are extracted and separated by thin layer 
chromatography. Radioactive steroids are located by fluoiography and the amount 
of radioactivity present determined by scintillation counting. The 5a-reductase 
activity was measured by analyzing the extent of the conversion of pHJtestosterone 
to pH]5a-DHT. 

C Sources of 5a-Reductase Activitv 

Microsomes are prepared at 4° C. from a buffered 032 M-sucrose 
• homogeaate of human liver and from the livers of adult Sprague-Dawley female 
rats by differential centrifiigation, and are used in the assay of 5a-reductase activity. 
In some experiments, microsomes are solubilized with 0.1% polyoxyethyleae ether 
W-l, except for the substitution of polyoxyethyleae ether W-l for Lubrolx-WX. 

Cells genetically engineered to express specific types of 5a- 
reductase isozymes can also be used as sources of 5*-reductase activity. Intact cells 
containing 5a-reductase, their microsomes, or nuclear preparations can also be 
used to screen 5a-rcdnctase inhibitors. 
D. Prostate And Breast Cancer 

A compound of this invention can be used to treat breast or prostate cancer. 
The effectiveness of such compounds against prostate and breast cancer can be 
determined either on isolated cell lines derived from such cancer tissues or in 
animate demonstrating these fonns of cancer. By way of example, human prostate 
cancer PC-3 cells are grown in culture medium. About one million cells are 
injected into male nude mice and the growth of tumors followed. Within two 
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weeks, the tumor grows to about 100 mm 3 . Three tumor bearing mice arc injected 

wMi a test compound each day. 

m. Organ And Body Weight Loss 

A compound of this invention can be used to decrease organ and body 
weight The annpoimds thus have use in treatm^ The effectiveness of a 

compound can be detexmined using well-known animal models. 

By way of example, male Spraguc-Dawley rats (body weight 180 gUOg) 
are used Compounds are intraperitoneal^ injected into rats in one group each day 
for 7 days. Rats in the control group receive 0.1 ml 30% etbanoL Body and organ 
weights are determined. 
IV. Skin Pisorden 

The inventors sought an inhibitor of Sa-reductase that would be active 
topically and inactive systemically, such an agent would be ideal for treatment of 
androgen-dependeat dermatological disorders. In this study, inhibition of androgen 
action by topical administration of y-LA in hamster flank organs is investigated. 
Especially useful in the evaluation of the effects of these compounds on skin cells 
or sebaceous glands is the hamster flank organ (Frost and Gomez, 1972). The 
paired flank organs, one on each side of the costovertebral angle, are highly 
sensitive to androgen stimulation. The androgen sensitive structures in the flank 
organ include dermal melanocytes, sebaceous glands, and hair follicles (Hamilton 
andMontagna, 1950). This animal model has been widely used for testing 
androgenic (Hamilton and Montagna, 1950; Frost et aL, 1973) and antiandrog^nic 
compounds (Voigt and Hsia, 1973; Weassmann et aL, 1985; Chakrabarty et aL, 
1980). The unique advantage of this animal model is that a testing compound can 
be applied topically to only one of die flank organs and the effect observed on both 
organs. If the test compound has only a local effect, thai only the treated flank 
organ is affected However, if the effect is systemic, then both flank organs are 
affected. 

Pre-pubertal male Syrian golden hamsters, castrated at 4 weeks old, are 
obtained from Harlan Sprague-Dawley Co. (Madison, WI). Each animal is 
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maintained individually in aplastic cage on rodent chow (Purina) and water ad 
libitum on a 12 hour fight/12 hour dart cycles 

One to two weeks after castration, (he hair on the lower back of each animal 
is clipped with an electric hair clipper and then shaved weekly to expose the flank 
organs. The are divided into treatment groups. A treatment solution (5 }U) 

is applied topically to the right flank organ once a day using a Pipetteman and a 
polypropylene disposable tip. Unless specified, die left flank organ is not treated. 
The treatment solution contains cither (a) ethanol alone (vehicle and control), or (b) 
a test compound. The flank organ was wiped with an alcohol pad to remove 
residual compound before each treatment At the end of each experiment (17-25 
days), the animals were sacrificed by either suffocation with COj gas or with an 
intraperitoneal injection of an overdose of phenobarbital (64.8 mg/ml/animal). The 
flank organs, both the treated and untreated sides, are evaluated to determine the 
effect of these treatments on the growth of the pigmented macule and the sebaceous 
glands. Tbe body weight of each animal is recorded before and after treatment 

Treatment Of Animate 

Male hamsters, 4 weeks old, are castrated and are kept on a longer light 
period (16 hours light/8 hours dark cycle) to insure maximum stimulation of sexual 
characteristics (Luderschmidt et aL, 1984). Flank organs, left and right, were 
treated topically with 5 \il ethanol containing 0.5 \ig or 1 jig testosterone daily. 
Animals are divided into groups of 4-5 hamsters. The right flank organ is also 
treated daily with 5 fxl solution containing vehicle (ethanol) alone or test compound 
(1 or 2 mg) for 18 days. The left flank organ of all animals receives the same 
volume of vehicle. 

the lengths of the long axis and the short axis of the pigmented spot 
(pigmented macule) are measured using a caliper with digital display (Digimatic, 
Mitutoyo Corp., Japan). The product (long axis x short axis, mm 2 ) is used as an 
index of die surface area (Wuest and Lucky, 1 989). 

The flank organ treated with test compound becomes elevated and palpable. 
The length of the long axis and short axis of the elevated mass are measured with a 
caliper. The product of the long axis x short axis (mm 2 ) was used as an index of the 
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areas of the sebaceous gland, which correlates with the volume of the sebaceous 

V. Baldness 

Topical Effects Of Compounds On Hair Loss And Growth 
The stumptail macaque monkey develops baldness in a pattern resembling 
human androgenic alopecia. The balding process begins shortly after puberty 
(a p proxim ately 4 years of age). This occurs in nearly 100% ofthe animals, males 
and females, and is androgen dependent This is a useful animal model for human 
androgenetic alopecia and is contemplated to be useful in demonstrating the effects 
of polyunsaturated fatty acids on hair loss. The following describes a protocol for 
testing. 

Male stumptail macaques (4 years of age) are divided into groups of 3 to 5 
animalg A defined area of the scalp involving the frontal and vertex areas is 
marked, cg^ by tattoo. Hairs in the marked area are shaved The solutions of a test 
compound in different dosages and combinations are evenly applied to the shaved 
areas once or twice a day. Control animals receive the same volume of the solvent 
(e.g., ethanol or other organic solvent, or a cream). The same area of the scalp is 
shaved every 4 to 6 weeks and die weights of hairs shaved are determined. The 
treatments may last for 6 months to 2 years. 4-MA (17-N^-diethyIcarbamoyl-4- 
mediyl-4-aza-S-androstan-3-oneX a 5a-reductase inhibitor known to prevent 
baldness in this animal is included as a positive control Biopsies of the scalp 
(4mm punch) are obtained before and at the end of the treatments. The specimens 
are analyzed for 5 a-reductase activity and examined histologically for evidence of 
alopecia. 

VL Effects Of Compounds On Sebum Productions In A Human Mode} 

Topical antiandrogemc activity of several fatty adds and catechms is first 
evaluated in die hamster flank organ assay or the rat assay. To further confirm die 
effectiveness of antiandrogemc compounds and suitability for human use, tests are 
performed on a human male subject The ideal compounds for human treatment are 
those that are topically and locally active but do not show systemic antiandrogemc 
activity, especially in the cases involving young males. 
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Determ fn«tfMi Qf Forehead Scbnm Production 

A male vohmteer is used to test and analyze sebum production from the 
forehead region. The forehead is washed thoroughly with soap twice and then 
cleaned with 70% isopropyl alcohol twice. Sebum production is measured 30 to 60 
minutes later with a sebum meter tape probe (7 m^ 

in each measurement* Ten measurements are made within the 4 cm square area 
(16cm 2 ) located at the middle of the left or right side forehead between the eyebrow 
and the hair line. 

The sebum meter detects the difference in the transparency of the tape 
before and after the tape was placed on the forehead for 30 seconds and expresses 
the difference in an aibitrary number (S-value) between 0 to 300 (or higher). S- 
values of sebum accumulated on the foreheads of men are usually 200 to 300. Skin 
surface on hands usually shows a very low number (5 to 20). The S-vahie for 
forehead immediately after washing is less than 5. For men, the S-value gradually 
increases to about SO within 30 minutes after washing and reaches 1 00 to 200 in 45 
minutes to 55 minutes. 

To determine the rate of sebum production, the left and the right forehead 
areas are measured alternatively and each time at the comparable areas on the two 
sides. Ten measurements on each side (i.e., 20 measurements for two sides) take 
about 1 5-20 minutes and the sebum-values likely range between 30 to 200. The S- 
vahies can differ considerably at different areas of the forehead and could be 
influenced by environmental, including weather, diet, and physiological, conditions. 
However, the ratio of the total S-vahie (the sum of 10 measurements) for the left 
and the total S-vahie for the right forehead is constant Therefore, compounds 
applied to the left forehead that reduce the L/Rratio to lower than 1.1 are 
considered as topically active agents for s u p pr ession of sebum production. 
VIL> Pharmaceutical Compositions 

Aqueous compositions of the present invention comprise an effective 
amount of the 5a-rednctase inhibitory agent dissolved or dispersed in a 
pharmaceutical^ acceptable aqueous medium. The phrase "phannaceutically 
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acceptable" refers to molecular entities and compositions that do not produce an 
allergic or similar untoward reaction when administered to a human. 

The preparation of an aqueous composition that contains such an inhibitory 
compound as an active ingredient is well understood in the art. Typically, such 
compositions are p rep a red as injectable, either as liquid solutions or suspensions; 
solid forms suitable for solution in, or suspension in, liquid prior to injection can 
also be prepared The preparation can also be emulsified. 

The pharmaceutical compositions disclosed herein may be orally 
administered, for example, with an inert diluent or with an assimilable edible 
carrier, orthey may be enclosed in hard or soft shell gelatin capsule, or may be 
compressed into tablets; or they may be formulated for controlled release, such as a 
transdennic and osmotic pressure device, injectable device, and implantable device, 
or they may be incorporated directly with the food of the diet For oral therapeutic 
administration, the active compounds may be incorporated with excipients and used 
in the form ofingestible tablets, buccal tablets, troches, capsules, elixirs, 
suspensions, syrups, wafers, and the like. The percentage of the compositions and 
pr epar ati ons may, of course, be varied and may conveniently be 100% (application 
of pure compounds). The amount of active compounds in such therapeutically 
useful compositions is such that a suitable dosage will be obtained. 

The tablets, troches, pills, capsules and the like may also contain the 
following: a binder, such as gum tragacanth, acacia, corn starch or gelatin; 
excipients, such as dicalcium phosphate; a disintegrating agent, such as corn starch, 
potato starch, algmic acid and the like; a lubricant, such as magnesium steaxate; and 
a sweetening agent, such as sucrose, lactose or saccharin; or a flavoring agent, such 
as pe pp e rmin t, oil of wintergreen, or cherry flavoring. When the dosage unit form 
is a capsule, it may contain, in addition to materials of the above type, a liquid 
carrier. Various other materials may be present as coatings or to otherwise modify 
the physical form of the dosage unit For instance, tablets, pills, or capsules may be 
coated with shellac, sugff or both. A syrup of elixir may contain the active 
compounds; sucrose, as a sweetening agent, methyl and propylparabens as 
preservatives; a dye and flavoring, such as cherry or orange flavor. Of course, any 
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nratrpaj m&A m prepari ng any dosage unit form should be pharmarenticaDv pare 
and substantially non-toxic. In addition, the active compounds may be incorporated 
into sustained-release preparations and formulations. 

The active compounds may also be administered parenterally, intravenously, 
orintraperitoneaDy. Solutions of the active compounds as a free base or 
pharmacologically acceptable salts can be prepared in water suitably mixed with a 
surfactant, such as hydroxypropylcellulose. Dispersions can also be prepared in 
glycerol, liquified polyethylene glycols, and mixtures thereof and in oils. Under 
ordinary conditions of storage and use, these preparations contain a preservative to 
prevent the growth of microorganisms. 

The pharmaceutical forms suitable for injectable use include sterile aqueous 
solutions or dispersions and sterile powders for the extemporaneous preparation of 
sterile injectable solutions or dispersions. In all cases, the form must be sterile and 
must be fluid to the extent that easy syringability exists. It must be stable under the 
conditions of manufacture and storage and must be preserved against the 
contaminating action of microorganisms, such as bacteria and fungi. The carrier 
can be a solvent or dispersion medium containing, for example, water, ethanol, 
polyol (for example, glycerol, propylene glycol, and liquid polyethylene glycol, and 
the like), suitable mixtures thereof; and vegetable oils. The proper fluidity can be 
maintained, for example, by the use of a coating, such a lecithin, by the 
maintenance of the required particle size in the case of a dispersion and by the use 
of surfactants. The prevention of the actio* of microorganisms can be brought 
about by various antibacterial and antifungal agents, for example, parabens, 
chlorobutanol, phenol, sorbic acid, thimerosal, and the like. In many cases, it will 
be preferable to include isotonic agents, for example, sugars or sodium chloride. 
Prolonged absorption of the injectable compositions can be brought about by the 
use in the compositions of agents delaying absorption, for example, aluminum 
monostearate and gelatin. 

As used herein, "pharmaceutically acceptable carrier" includes any and all 
solvents, dispersion media, coatings, antibacterial and antifungal agents, isotonic 
and absorption delaying agents and the like. The use of such media and agents for 
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pharmaceutical active substances is well known in the ait Except insofer as any 
conventional media or agent is incompatible with the active ingredient, its use in 
the therapeutic compositions is contemplated. Supplementary active ingredients 
can also be incorporated into the compositions. 

For oral administration the composition may be incorporated with exdpients 
and used in the fbnn of non-ingestible mouthwashes ami dentifrices. A mouthwash 
may be prepared i n c orpo rating the active ingredient in the required amount in an 
appropri ate solvent, such as a sodium borate solution (DobelPs Solution)* 
Alternatively, the active ingredient may be incorporated into an antiseptic wash 
containing sodium borate, glycerin and potassium bicarbonate. The active 
ingredient may also be dispersed in dentifrices, including: gels, pastes, powders 
and slurries. The active ingredient may be added in a therapeutically effective 
amount to a paste dentifrice that may include water, binders, abrasives, flavoring 
agents, foaming agents, and humectants. 

The composition can be formulated in a neutral or salt form. 
Pharmaceutical^ acceptable salts, include the acid addition salts (formed with the 
free amino groups of the protein) and which are formed with inorganic acids such 
as, for example, hydrochloric or phosphoric acids, or such organic acids as acetic, 
oxalic, tartaric, mandelic, and the like. Salts formed with the free carboxyl groups 
can also be derived from inorganic bases such as, for example, sodium, potassium, 
ammonium, calcium, or ferric hydroxides, and such organic bases as 
isopropylamine, trimethylamine, histidine, procaine and the like. 

Upon formation, solutions will be administered in a manner compatible with 
the dosage formulation and in such amanner as it therapeutically effective. The 
formulations are easily administered in a variety of dosage forms such as injectable 
solutions, drug release capsules and the Uke. 

In other embodiments, one may desire a topical application of compositions 
disclosed herein. Such compositions may be formulated in creams, lotions, 
solutions, or in solid form depending upon the particular application. The 
formulation of pharmaceutically acceptable vehicles for topical administration is 
well known to one of skill in the art (see, Le., 'Remington's Pharmaceuticals 



18 



WO 99/22728 FCT/US9W23041 

Sciences", 15* Edition). Variation oftbe dosage of the compositions disclosed 
herein, will necessarily depend upon the particular subject, and the nature of the 
conditions) being treated 

For parenteral administration in an aqueous solution, for example, the 
solution should be suitably buffered if necessary and the liquid diluent first 
rendered isotonic with sufficient saline or glucose. These particular aqueous 
solutions are especially suitable for intravenous, intramuscular, subcutaneous and 
intraperitoneal administration. In this connection, sterile aqueous media which can 
be employed will be known to those of skill in the art in light of the present 
disclosure. For example, one dosage could be dissolved in 1 ml of isotonic NaCl 
solution and either added to 1000 ml of hypodermic or intravenous fluid or injected 
at the proposed site of infusion, (see, for example, "Remington's Pharmaceutical 
Sciences-, 15* Edition, pages 1035-1038 and 1570-1580). Some variation in 
dosage will necessarily occur depending on the condition of the subject being 
treated. The person responsible for administration will, in any event, determine the 
a p pr o pri ate dose for the individual subject Moreover, for human administration, 
preparations should meet sterility, pyrogenicity, general safety and purity standards 
as required by FDA Office of Biologies standards. 

EXAMPLE 
Assays For Candidate Substances 

Expression Of Human Sct-Rednctases. For the pr ep arati on of rat 1A cells 
expressing different types of human 5a-reductases, cDNAs for the human type 1 
and 2 5a-reductases were isolated from human prostate Xgtll and PC-3 cell AZAP 
II cDNA libraries using the published sequence of the 5a-reductases,PCRand 
standard library screening techniques. The type 1 and 2 cDNAs were subcloned 
into the retroviral expression vector pMV7 and high titer stocks of virus containing 
the type 1 and 2 cDNAs were generated using the packaging cells BOSC 23 293 . 
Rat 1 A cells were infected with virus and cells containing integrated retrovirus were 

selected for G418 resistance (Brown and Scott, 1987). 

Assay Of So-Rednctase. Microsomes were prepared from rat 1 A cells 

expressing specific types of human 5cc-reductasc The enzymic assay was based on 
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the measurement of 5ct-DHT production from testosterone in the presence of 
microsomes prepared from rat 1 A ceDs contaiirmg dtber the type 1 or type 2 human 
5o~rednctase. The amount of labeled testosterone and dihydrotestosterone in 
extracts was deiennined by thin layer chromatography and scanning on a AMBIS 
radioanalytic scanner. The concentration of test compound inhibiting the 
conversion of testosterone to dihydrotestosterone by 50% (IC50) was determined by 
interpolation between appropriate data points. 
Inhibition Of Sa-Rednctase Activity. 

Previously, we showed that two natural products, the green tea catechins, 
epicatechin gallate (ECG) and epigallocatechin gallate (EGCG) and unsaturated 
fatty acids were inhibitors of human 5a-reductase. A structure-activity relationship 
study was initiated to explore flic structural requirements for this activity. Data for 
this study are summarized in Tables 1-7 and Figs. 1-6. 
1. FLAVANOIDS 

A variety of naturally occurring flavanoids with structures related to the tea 
catechins were tested (Fig. 1, Table 1). 



TABLE 1 



Cell Free Assay Isoenzyme 


HREDl 
IC50(uM) 


HREDl 
% Inhibition 
@100uM 


HRED2 
IC50(uM) 


HRED2 
% Inhibition 
@ lOOuM 


Compound 


1 . Epicatechin Gallate 


11 


100 


60 


83 


2. EpigaHocatechin 
Gallate 


IS 


99 


74 


74 


3. Myricetm 


23 


96 


>100 


31 


4. Quexritin 


23 


96 


>100 


14 


5. Baicalein 


29 


79 


99 


51 


6. FlsetxD 


57 


97 


>100 


4 


7. Biochaoina 


>100 


50 


17 


74 


8. Kaempfexol 


>100 


22 


12 


62 


9. Flavone 


>100 


20 


>100 


(-52) 


10. Genistein 


>100 


16 


23 


76 
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11. Epigallocatcchin 


>100 


IS 


>100 


3 


12, Epicatcchin 


>100 


14 


>100 


4 


13. Morin 


>100 


6 


>100 


33 


14. Alpha-napthoflavone 


>100 


6 


>100 


(-13) 


15. Tmrifotin 


>100 


5 


>100 


5 


16. Rutin 


>100 


4 


>100 


0 


17. Daidzein 


>100 


3 


29 


69 


18. Beta-napthoflavone 


>100 


3 


>100 


4 


19. Chrysin 


>100 


2 


>100 


1 



The tea catechins, ECG and EGCG, had the highest activity of the tested 
flavanoids and were better inhibitors of the type 1 (HRED1) than the type 2 
(HRED2) isoenzyme of 5a-reductase. The tea catechins epicatechin (EC) and 
epigallocatechin (EGQ had little activity. Four flavanoids, myricetin, quexcitin, 
baicalein and fisetin had significant (IC5CK100 jiM) activity and were more active 
against the type 1 than the type 2 isoenzyme. Biochanin A, kaempferol, genistein, 
and diadzein were effective inhibitors of the type 2 but not type 1 isoenzyme. 
Comparison of die activities of chrysin, kaempfexol, morin, myricetin, and quexcitin 
indicate the importance of B-ring hydroxyl groups, especially in a catechol or 
pyrogaDol configuration, and pexhaps the importance of the hydroxyl at position 3 
for activity against the type 1 isozyme. Rutin, the 3-rotinose glycoside of quercitin 
was ineffective against either isoenzyme (IC5O100 jiM). The inactivity of rutin 
compared to quexcitin is either due to the presence of the oligosaccharide rutinose 
(perhaps due to steric hindrance) or modification of the hydroxyl at position 3. 
Taxifbhn, a flavanone, was ineffective against ri (IC5O100 jiM). The 

weak activity of taxifohn is most likely due to die absence of die 23-unsaturated 
bond when its activity is compared to the structurally related quercitin. When 
tested for inhibitory activity in whole cells, most flavanoids showed little or no 
activity against die type 1 isoenzyme, perhaps indicating limited penetration of 
these polyhydroxy compounds across the cell membrane. In contrast to the results 
with die type 1 enzyme, four flavanoids, biochanin A, diadzein, kaempfexol and 
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genistein had significant ir^ 

whole cell assay. The most active of these, biochanin A and diadzein, have only 
two and three free hydroxy! groups, respectively, and so may penetrate cells easier 
than other flavanoids. 
2. CATECHOLS 

5a-rednctase inhibition studied wffli flic flavanoids indicated the potential 
importan ce of catechol and pyrogaDol moieties for high inhibitory activity. 
Therefore, a series of compounds with catechol groups was surveyed for activity 
(Table 2, Kg. 2). 



TABLE 2 



Cell Free Assay Isoenzyme 


HRED1 
ICS0(uM) 


HRED1 
% Inhibition 
@100uM 


HRED2 
ICS0(uM) 


, HRED2 
% Inhibition 
@100uM 


Compound 


1. Anthrarobm 


4 


99 


50 


97 


2. BronaopyrogaDol Red 


7 


98 


84 


58 


3. Gossypol 


7 


99 


21 


99 


4. PyrogaDol Red 


IS 


97 


>100 


27 


5. NoTthhydrogaiaretic 
Acid 


19 


99 


50 


80 


6. Caffeic Acid 
Phenethyl Ester 


26 


97 


>100 


36 


7. OctylGallate 


27 


99 


58 


90 


8. Puipurogallin 


30 


81 


>100 


31 


9. HydiOAydopamtne 


42 


69 


>100 


41 


10. DodecylgaOate 


43 


88 


>100 


36 


11. Pyrocatechol Violet 


48 


85 


100 


47 


12. PyrogaOol 


70 


60 


>100 


28 




83 


59 


>100 


38 


14. HZIV-82 


>100 


43 


>100 


0 


IS. Cue 


>100 


42 


>100 


(-75) 


16. BZIV90 


>100 


23 


>100 


13 


17. Caffeic Acid 


>100 


13 


>100 


8 
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18. HZIV275 


>100 


10 


>100 


6 


19. Exculetia 


>100 


7 


>100 


13 


20. EDagic Acid 


>100 


7 


>10O 


9 


21. Catechol 


>100 


5 


>100 


0 


22. Methylgallate 


MOO 


5 


>100 


3 


23. Fiaxctm 


>100 


2 


>100 


8 


24. Propylgallate 


>10O 


0 


>100 


0 



Thirteen of tbc 24 compounds listed had ICSffs below 1 00 jiM. All were more 
active against the type 1 than type 2 isoenzyme. Six of these compounds, 
anthrarobin, dodecy 1 gallate, gossypol, octyl gallate, caffeic acid phenethyl ester 
and nordihydroguaiaretic acid were active in whole cell assays (Table 7, below). 
Anthrarobin was much more effective against the type 1 than type 2 isoenzyme; 
whereas, the other five inhibitors were equally effective inhibitors of both 
isoenzymes. The synthetic compound HZIV 82 showed little activity in the cell- 
free assay, but was very active in the whole cell assay with specificity for the type 1 
isoenzyme. 

3, CURCUMIN AND RELATED COMPOUNDS 

Curcumin was a very effective inhibitor of either the typelortype2 • 
isoenzyme (Table 3, Fig. 3). 



TABLE 3 



Cell Free Assay Isoenzyme 


HRED1 
IC50(uM) 


HRED1 
% Inhibition 
@100uM 


HRED2 
IC50(uM) 


HRED2 
% Inhibition 
@ 100 uM 


Compound 


1. Curcumin 


3 


95 


5 


87 


2. Tetrahydrocurcuniin 


80 


56 


29 


73 


[ 3. Dememaxy- 

tetrahydrucuiwiiinn 


>100 


23 


>100 


42 


4. 4-hydroJcy-3- 
methoxy- 
cinreuraldchydc 


>100 


10 


>100 


(-60) 


5. Coariferol 


>100 


10 


100 


49 
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6. 4-(4-bydroxy-3- 
methaxyphenoI)-3- 
buten-2-0DC 


>100 


3 


>100 


4 


7. Faulic Acid 


>100 


0 


>100 


18 




>100 


0 


>100 


8 


9. Eugenol 


>100 


0 


100 


SO 



Commercially available cunranin was chemically 
products; tetrahydrocurcuinin and deinetlx)xytetrahydrocurcunun^ had much less 
activity than c m c uniia However, tetrahydrocurcuinin (HZIV 81-2), which is 
coloriess compared to the bright yellow cuicumin, had significant activity in the 
whole cell assay. The structurally related compounds 4-{4-hydroxy-3- 
methoxyphenol>3-buten-2-one, fexulic acid, capsaicin, eugenol and coniferyl 
alcohol had little inhibitor activity (IC5O100 pM) against either isoenzyme 
highlighting the importance of the diferulolyl structure for activity against 5a- 
reductase. Nordihydroguaiaretic acid (NDGA) was also an effective inhibitor of the 
type 1 (IC50=19 jiM) and type 2 (IC50=50 pM) isozymes in cell-free and whole 
cell assays, but less so than curcumirL 
4. OUINONES 

A variety of quinones were tested for activity against 5a-reductase (Table 4, 
Kg. 4). 



TABLE 4 



Cell Free Assay Isoenzyme 


HRED1 
IC50(uM) 


HRED1 
% Inhibition 
@100uM 


HRED2 
IC50(uM) 


HRED2 
% Inhibition 
@100uM 


Compound 


1. Purpura 


2 


95 


>100 


20 


2. Alizarin 


3 


95 


100 


54 


3. Auttiiarobin 


4 


99 


50 


97 




6 


77 


5 


81 


5. Coenzyme q 


12 


77 


22 


81 


6. 2^^cMofoindpphenol 


15 


78 


17 


97 


7. Aluaiin Red 5 ' 


30 


91 


>100 


8 
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8. Anthnuufin 


40 


67 


>100 


13 




40 


67 


>100 


13 


10. Lapachol 


>100 


30 


>100 


9 


11. Anthraflavic Acid 


>100 


27 


>100 


22 


12. Qunnzam 


>100 


26 


>100 


7 


13. T- 

butylbydroixyqiiiDooc 


>100 


19 


>100 


4 


14. Anthraqmnone 


>100 


6 


>100 


9 



10 The naturally occurring anthraqumone, alizarin, was a very effective inhibitor 

of the type 1 but not type 2 isozymes. Alizarin Red S, which is a water soluble 
sulfate derivative of alizarin had little activity (IC50s>100 jiM) against either 
isoenzyme. The charged sulfate group may prevent interaction with membrane 
bound Sa-reductase. Puipurin, which has an additional hydroxyl compared to 

15 alizarin, had inhibitory activity similar to alizarin. Anthraflavic acid, anthramfin 

and quinizarin, which are structural isomers of alizarin without adjacent hydroxyl 
groups, bad much less activity, emphasizing the importance of the catechol moiety 
for potent inhibitory activity of this class of anthroquinones. Anthraquinone was 
not an effective inhibitor (IC5O100 jiM). Menadione, coenzyme Q, and 2,6- 

20 dichloroindophenol were potent cell-free inhibitors of boh isoenzymes. The 

compounds participate in quinone reductase reactions and may deplete NADPH 
causing the observed inhibition. In the whole cell assay, alizarin was a very 
effective inhibitor of the type 1 isoenzyme and menadione had moderate activity. 
5. EyigALi^ATKCHiN DEmVAHYES 

25 The high inhibitory activity of EGCG in a cell-free assay but low in the whole 

cell assay led us to design and synthesize a series of derivatives of EGC to enhance 
activity in the whole cell assay (Table 5, Fig, 5). 
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TABLES 



CcH Free Assay 
Isoenzyme 


HRED1 
IC50(uM) 


HRED1 
% Inhibition 
/a inOnM 

UU 1W I1CVE 


HRED2 
IC50(iiM) 


HRED2 
% Inhibition 


Compound 


1. EGCG 


12 


99 


73 


76 


2. HZT/160 


29 


99 


76 


96 


3. HZTV 134 


20 


99 


67 


94 


4. HZTV 92 


23 


98 


>100 


45 


5. HZIV120 


23 


99 


66 


97 


6. HZT/142 


25 


97 


63 


93 


7. HZTV 68 


29 


93 


99 


51 


8. HZT/75 


29 


97 


>100 


21 


9. HZTV 166 


30 


98 


78 


74 


10. HZT/63 


311 


94 


>100 


20 


11. HZIV169 


47 


90 


>100 


39 


12. HZIV74 


48 


85 


>100 


24 


13. HZTV 144 


49 


88 


>100 


38 


14. HZTV 168 


49 


98 


73 


92 


15. HZTV 166 


59 


95 


71 


84 


16. BGC 


62 


61 


>100 


30 


17. HZTV 107 


98 


52 


>100 


39 


18. HZTV 145 


>100 


35 


>100 


8 


19. HZT/148 


>100 


31 


>100 


0 


20. HZT/109 


>100 


17 


>100 


0 



The studies showed that derivatization of the hydroxyl groups of EGCG with 
methyl or acetate groups leads to die loss of inhibitory activity in the cell-free assay 
and no enhancement of the lower whole cell assay inhibitory activity. We, 
therefore, limited structure-activity studies to changes in the gaBate ester moiety of 
EGCG to enhance inhibitory activity in the whole cell assay. Twenty of these 
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structural changes are s ummarize d in Table 5. The most significant structural 
change leading to activity in tbe wbole cell assay was introduction of fatty acid 
ester in place of the gallic acid group of EGCG. In particular, fatty acids with some 
degree of unsaturation had good inhibitory activity against both isoenzymes of 5a- 
5 reductase in the whole cell assay. The most potent of these derivatives was one 

with y-linolenic acid esterified to the 3-hydroxyl of EGC Certain feity acids with a 
single unsaturated bond were also active. For example, uziV 160, the myristoleic 
ester of EGC was effective in both assay systems. Fatty acids with less 
unsaturation are less susceptible to oxidation and so may be more suitable 



10 modifying agents. 

TABLE 6 





Cefl Free Assay Isoenzyme 


HRED1 
ICS0(uM) 


HRED1 
% Inhibition 
@ lOOuM 


HRED2 
IC50(uM) 


HRED2 
% Inhibition 
@100uM 




Compound 


15 


1. Gamma-Linolenic Acid 
C18:3 OS 6.9,12 


5 


99 


11 


89 




2. Qrocctnt 


7 


70@30 


>100 


20@30 




3. Alpha-Iinoknic Acid 
CI 8:3 CIS 9,12,15 


8 


99 


9 


84 


20 


4. Linoleic Acid 
C18:2CIS9,12 


9 


99 


19 


85 




5. Oleic Acid CI 8:1 CIS 
9 


10 


99 


42 


86 




6. Conjugated 

OctadecadienoDic Acid 


10 


99 


30 


81 


25 


7. 5,8,11,14- 

Eocpsatctntynoic Acid 


15 


97 


3 


81 




8. Stearic Acid C1&0 


27 


71 


>100 


35 
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TABLE 7 



Whole Cell Assay 
Isoenzyme 


HRED1 
IC50(uM) 


HRED1 
% Inhibition 
@100uM 


HRED2 
IC50(uM) 


HRED2 
% Inhibition 
@100uM 


Compound 


1. H2JV82 


3 


79 


>100 


15 


2. DodecyigaBate 


3 


99 


7 


98 


3. Anthiaiobin 


6 


91 


>100 


31 


4. Alizarin 


6 


75 


>100 


27 


5. Gossypol 


7 


100 


6 


99 


6. HZIV160 


7 


99 


8 


98 


7. OctylGaliate 


7 


99 


18 


94 


8. Caffeic Acid Phenethyl 
Ester 


8 


99 


7 


98 


9 HZIV142 


8 


99 


14 


98 


10. Curcumin 


9 


99 


7 


99 


11. Nonfihydroguaiaretic 
Acid 


19 


99 


22 


99 


12. HZIV165 


28 


97 


32 


98 


13. HZIV168 


28 


93 


41 


94 


14. HZIV81-2 


36 


81 


7 


92 


15. HZIV148 


42 


90 


74 


81 


16. HZIV75 


43 


83 


62 


72 


17. HZTV120 


49 


97 


57 


96 


18. Menadione 


51 


82 


79 


62 


19. HZTV 166 


58 


89 


72 


83 


20. Biocbanin A 


64 


64 


5 


93 


21. HZTV 92 


64 


94 


80 


62 


22. Karmpfend 


79 


60 


20 


85 


23. Daidzcin 


10 


13 


7 


89 


24. Baicalcin 


>100 


24 


>10O 


4 
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25. Fisctin 


>100 


42 


>100 


27 


26. EGCO 


>100 


11 


>100 


5 


27. Myricctin 


>100 


11 


>100 


11 


28* Puipuiiii 


>100 


47 


>100 


7 


29. Quexcetin 


>100 


15 


>100 


29 


30. Alizarin Red S 


>100 


28 


>100 


1 


31. Gcnistetn 


>100 


22 


20 


89 


32. HZTV123 


>100 


48 


>100 


8 


33. HZTV107 


>100 


23 


>100 


2 


34. Catechol 


>100 


9 


>100 


3 


35. T^ffid/f \f\ 


>100 


9 


58 


87 


36 Pvrocallol 


>100 


7 


>100 


15 


37. EC 


>100 


0 


>100 


1 


38. EGC 


>100 


15 


>100 


1 


39. ECG 


>100 


0 


>100 


0 


40 EGCG 


>100 


6 


>100 


0 


41 HZTV90 


>100 


34 


>100 


14 


42. HZIV63 


>100 


12 


>100 


7 


43. HZTV68 


>100 


40 


>100 


34 


44. HZIV144 


>100 


12 


>100 


7 


45. HZIV81-3 


>100 


28 


19 


80 


46. HZIV145 


>100 


8 


>100 


9 


47. Methyl GaBate 


>100 


0 


>100 


0 


48. Propyl GaQate 


>100 


5 


>100 


0 


49. IsopropylGaDate 


>100 


0 


>100 


0 


50. Gallic Acid 


>100 


13 


>100 


0 


51. PyrogaHol 


>100 


5 


>100 


6 


52. HZIV169 


>100 


10 


>100 


0 


53 .Gft h ifc hUfc-T jnotaiic 


22 


91 


20 


86 


54. Etya 


22 


67 


2 


86 



29 



55. Alpha-Lmolemc 


29 


HZ 




oo 


56. Iinolctc 


40 


78 


25 


77 


57. Oleic Acid 


83 


58 


>100 


45 


58. Stearic Acid 


>100 


10 


>100 


23 


59. AlphaJinoknk Acid 
Me Ester 


>100 


24 


>100 


18 


60* Gamma-T.tno1anc Acid 
Choi Ester 


>100 


12 


>100 


11 


61. Gamma^LisoknicAdd 
Me Ester 


>100 


49 


>100 
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As found previously in our lab, the greater the degree of unsaturation, the better 
the inhibitory activity of the fatty acid Since unsaturated fetty acids are easily 
prone to oxidation which may comprise their usefulness, we examined some 
unsaturated fatty acids less prone to oxidation. The synthetic fatty acids, 
conjugated octadecadienoic add (CODA) (cis or trans- 9,1 1 or 10,12 
octadecadienoic add) and 5, 8,1 1 ,14-dcosatetraynoic add (ETY A), were good 
inhibitors of both isoenzymes. CODA and ETY A had IC50s of 10 and 15 (type 1) 
and 30 and 3 (type 2) jiM, respectively. The naturally occurring fetty add, y~ 
linolenic add, has IC50 of 3 jiM for both isoenzymes. Fatty adds such as ETYA 
may be useful for derivatizing other Sa-reductase inhibitors to enhance cellular 
uptake and promote in vivo activity of 5tt-reductase inhibitors. Methyl and 
cholesterol esters of Y-linolenic add had little activity in the whole cell assay 
(TABLE 7) and so the activity of EGC esterified to y-linolenic add is unlikely due 
to intracellular hydrolysis of these esters. 

Active 5 a-rednctase inhibitors shown in Tables 1 -7 are polyphenols or their 
derivatives and are easily oxidized or hydrolyzed within several hours to several 
days, especially in the presence of air or oxygen and at a pH above 7.0. We have 
found that these compounds are more stable to oxidation or hydrolysis by 
maintaining the pH of the solutions of these compounds at a pH below 7.0. More 
than 80% of the oxidation of hydrolysis can be prevented by the addition of an 
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inorganic acid, such as hydrochloric acid, sulfuric acid, or phosphoric acid, or an 
organic acid, such as citric acid or acetic acid. 
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WHAT IS CLAIMED IS: 

L A process of inhibiting Sa-reductase activity comprising the step of 
exposing 5cHreductase to an effective inhibiting amount of a compound of any of 
Tables 1-7. 

2. A process of treating prostate cancer in a subject in need of such 
treatment comprising the step of administering to the subject an effective 
therapeutic amount of a compound of any of Tables 1*7. 

3 . A process of treating breast cancer in a subject in need of such 
treatment comprising the step of administering to die subject an effective 
therapeutic amount of a compound of any of Tables 1-7. 

4. A process of treating baldness in a subject in need of such treatment 
comprising the step of administering to the subject an effective therapeutic amount 
of a compound of any of Tables 1-7. 

5. A process of treating a skin disorder in a subject in need of such 
treatment comprising the step of administering to the subject an effective 
therapeutic amount of a compound of any of Tables 1-7. 

6. A process of treating obesity in a subject in need of such treatment 
comprising the step of administering to the subject an effective therapeutic amount 
of a compound of any of Tables 1-7. 

7. A process of treating benign prostatic hyperplasia or prostatitis in a 
subject in need of such treatment comprising the step of administering to the subj ect 
an effective therapeutic amount of a compound of any of Tables 1-7. 

8. A compound of the formula: 




wherex is -NHCH 2 CH r or -CH=€H-; 

R„ R 2 and R3 each may be -H, -OH or -OCH 3 , provided that only one of R, , R„ 
and Rj may be -H; 
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R«, R, and R« eadi may be -H, -OH, -OCH, or -NCCH^ provided that only 
oneofR 4 ,R 5 andR 6 inaybe-H;and 
nisOor 1. 

9. A compound of the formula: 




where R is a chain with 2 to 20 atoms from the group consisting of carbon, 
oxygen, sulfur, and nitrogen, without or with one to four double bonds and 
additional hydrogen. 

10. A compound of the formula: 




where R is 



H 
OH 




^^^m FCT/US98O3041 
W09W22728 



O 

O 

OCT «» 



11. A method for the stabilization of compounds shown in Tables 1-7 
comprising adding an effective ambient of an inorganic acid, an organic acid, or a 
natural product mat contains these acids to maintain the acidity of the therapeutic 
preparations of these compounds at pH 3.0 to pH 6.8. 
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FIGURE 1 - FLAVANOIDS 

GACALQN BOCHAMMA CHRYSW 

"Wtx , ^p^ m ~ x £ 3 ^ 

DADZEM EPCATECHW EPCATECHW GALLATt. 

EPIGAOOCATECKOI EPIGAUJOCATECHtN GAUATH V RSETW 

RAVONE GEFBSTEW KAEMPFEBOt 

MORBI UYFBCETW orNAPTHORAVONE 

P-NAPTHORAVONE OJERCMN RUTIN 



TAXffOUN 



WO 99/2X728 



2/10 

FIGURE 2 -CATECHOLS 
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FIGURE 3 - FERULIC ACID DERIVATIVES 
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FIGURE 4 - QUINONES 
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FIGURE 5 - EPIGALLOCATECEON DERIVATIVES 
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FIGURE 6 * EPICA1XOCATECHIN DERIVATIVES 



OH 




R 



R: a chain with 2 to 20 atoms from the group consisting of carbon, oxygen, 
sulfur, and nitrogen, without or with one to four double bonds and 
additional hydrogen. These atoms can be in a straight chain or branched 
form, or in the form of aromatic ring structures, which may have a 
substitution of one to three carbon, alkyl,orhalogenated alkyl, nitro, 
ammo, methylated amino, carboxyl, or hydroxy groups, or halogen 
atoms. 
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FIGURE 7 - GALIATES 
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Rl: an aDcyl chain with 2 to 20 atoms from Ac group consisting of carbon, 
oxygen, sulfur, and nitrogen, without or with one to four double bonds 
and additional hydrogen. These atoms can be in a straight chain or 
branched form, or in die form of aromatic ring structures, which may 
have substitution of one to three carbon aDcyl or halogenated aDcyl, nitro, 
amino, methylated amino, carboxyl, hydroxy groups or halogen atoms. 

R2-5: an aDcyl chain with 1 to 12 atoms from the group consisting of c^^ 

oxygen, sulfur, hydrogen and nitrogen, without or with hydroxy groups. 
These atoms can be in a straight chain or branched form, which may have 
substitution of one to three carbon aDcyl or halogenated aDcyl, nitro, 
amino, methylated amino, carboxyl groups and hydrogen or halogen 
atoms. 
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FIGURE 8 - CDRCUMIN DERIVATIVES 




R4 R5 R10 B9 



R: An aOcyl chain with 1 to 1 4 atoms from the group consisting of carbon, 
oxygen, sulfur, and ni trogen, without or with one to three double bonds, 
ca rbo n yl, or hydroxy! groups and additional hydrogens. These atoms can 
be in a stiaight chain or branched form, or in the form of aromatic ring 
structures which may have substitution of one to three carbon alky! or 
halogenated alkyl, nitro, amino, methylated amino, carboxyl, or halogen 
atoms. 



R2-5: Hydroxy or methoxy groups or an alkyl chain with 1 to 10 atoms from 
flic group consisting of carbon, oxygen, sulfur, and nitrogen, without or 
with hydroxy groups and additional hydrogens. These atoms can be in a 
straight chain or branched form, which may have substation of one to 
three carbon alkyl or halogenated alkyl, nitro, amino, methylated amino, 
carboxyl groups and hydrogen or halogen atoms. 
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FIGURE 9 - QUINONES AND CATECHOLS 




Rl - R8 can be 1 to 6 atoms that may consist of carbon, nitrogen, oxygen, and 
sulfur, and additional hydrogen or halogen atoms. They can be in the form of 
alkyl or halogenated alkyl, methoxy, nitro, hydroxy or amino groups. R9 and 
Rl 0 can be hydroxy groups or in the form of quinones. Ring B can be in a 
saturated, aromatic or quinine structures. 
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FIGURE 1 0 - FATTY ACIDS 
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ISOVANILLYL ALCOHOL DERIVATIVE 



Patent number: JP1 1 209322 
Publication date: 1999-08-03 

inventor: ONO TOSHIYA; YAMAGUCHI MASAKAZU; OBA TAKASHI; YAMAMURO AKIRA; FUJIKUR/ 

YOSHIAKI 
Applicant: KAO CORP 

Classification: 

- international: C07C43/23; A61 K7/00; A61 K31 /085 

- european: 

Application number: JP19980014351 19980127 
Priority number(s): 

Abstract of JP1 1209322 

PROBLEM TO BE SOLVED: To obtain the subject new 
compound having a specific (branched) alkyl substituent, 
providing a reduced undesirable side effect and skin 
irritation, capable of rapidly imparting an effect of a strong 
warm feeling to skin when using the compound, capable of 
sustaining the feeling for a long period and useful as a skin 
preparation for external use. 

SOLUTION: This new compound is the one of the formula [R 
is a 3-6C (branched) alkyl], e.g. isovaniilyl n-propyl ether. 
The compound of the formula is obtained by reacting 3- 
hydroxy-4-methoxybenzyl halide with a corresponding 
alkoxide in a solvent or without the solvent. The compound is 
preferably used as a skin preparation for external use in a 
dosage form such as a lotion, an emulsion, a skin lotion, a 
dentifrice, a soap, a cataplasma and a cream regulated so as 
to include 0.001-10 wt.%, preferably 0.01-5 wt.% compound CJfe 
of the formula. OK 
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m * n t ^ t*4 1 % v \ v * o mm wmrumi i 

a. 

[0006] -tKbttffflte. dw-m, ( 1 ) 

[0007] 
[fc2] 

w 

[0008] W*R\tXm.3~~(><?)VMttz\tm 
[0009] 

i mi<omt<mm ] *wn<o4 va*- y ^r/i-o ->\, 

tmftk. IXli.. -«5« ( 1 ) "fRiStn-rnttH, 
i-rotVI^L n-7f-;^ i -fi-iVm. n-^ 

[ooio] y^N"-y;i/.r;u3-;ussw«c 
itf^-f yr/«yvcox-x/i^-^tcJ:»). 3-tn 
t £ , itzM y a- y ;ur^3 * x f 1 7>v*)Wsj 

[ooii] hh^\mt\m<r)-m^c^m zzth 

X'ZZ. t%h*>. ftf5~fZ>7fr'3-MzWlt&m*ffl& 

MtxBU&Zit. myaimzb&x-zz. zzx-% 

-tlZk1fiK*U\ *fcM&iaJKtt2 0~9 0'Cg« 
X'bhz\tiffii l\\ $&fcr/Mf/U7A'3-/H;M 
Vrt-V)V7>va-)V\izftLX*)VkX2^20faWSi 

[0012] *me>&ismm\i, ±$l<?m y^=y 
-fbifok. seipj, fflft^^v, ffii&sry. ^y-Att 
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t*w». aura* »a«L anm «m uttft 

#WS1BBL fWOH. IHfflL tittffl. Rft 

[0013] Vrt-Vn>Tn,a-A1jm#0) 

«j»»ffl»w»o*wtt. o . ooi-i oss%t* 

6Ck*W4L<. 0. 0 1-5llXTM:t«t 

tff*u\ o. ooi-ioa*%r*wf, 
[0014] *mmmmn. mta<t y^y 

[0015] 

[0016] ^66091 ( 1 ) A VJ^JjVn 

BSRff». aS»WSt«ifcl 00ri-8tf>2n75 
xa(:n-ra^r;^^2 3. 4g (38 9nnno 
nXl/SjfiBO. 18mL^JPL 7 0t:te8DjRL«ff 
Ufc. ZtUZ4Vrt=.VfrT)te-fo6. OOg (3 . 
8. 9mraoI) SrJpi, 3 OflfiKJBStffc. RJ6»T« 

-cetwra* »«ts*LT»ft»tt«it»fc. ceo 

«feJ*«»*«ESKB( 150—1 6 0*C/0. InH 

*) kj^thsu mmsm y^-y^n-m 

tVPx-f7U (1-1)3. 2 8 g (<f yA'-'J/l^T/U 
3-MCHLT4 3. 0%) »Mi*Hfc&» 

[00 17] »H-NMR(CDC1 3 ,S) : 0.93(t,3H, J=7.4Hz) , 
1.61(ra,2H).3.40(t,2H,J=6.7Hz>. 3.88(s,3H). 4.40(s, 
2H), 5.63<s,lH).6.82-6.93<n,3H) 
]R(ar>) : 3436. 2968 , 2940, 2864. 15%, 1514, 145 
8. 1446, 1370, 1278,1154, 1128, 1092, 1028, 804, 7 
60 

[oo is] ^#12 ft£»(2) >fy^'-y;wi 
so-7n tr/i/x-fvu^ift 
iJBRHSMl tffli^n-roW/^-;^ i s o 
-rnt;UT;Un-;H 9. 5g (3 24*ido1) fcfU 
T. >f y^-y;P7^3-/P4. 75g (3 0. 8mmo 
1 ) £ffiwt±e»Wl fcHttoa^CffK «£0£ 
« ( 1 6 0*C/0 . 1 annHg) fWfcioTStEfc^lM 
VA- 'J/Hso -7*ae;WX-ir;l/ ( 2 ) 2 . 5 6 g 
(>f yA-»J;pr^3-;WC»UT4 2. 3%) fcft 



[0019] 1H-NMR(CDC1 3 , : 1.20(d,6H. J=6.0Hz), 
3.66(sept,lH,J=6.0Hz),3.88(s.3H), 4.41(5.20, 5.61 
(s.lH), 6.82-6. 94(m,3H) 

IR(cnf i) : 3448 , 2976 , 2940, 2876, 1596, 1516, 144 
6, 1382, 1278, 1126,1030, 800 , 760 
[0020]&fW3 itHm (3) -fy^-y;Wn 
-7^;px-t^-&jS 

JLEXtW 1 Tffl^fc n -TW/UTfra-jUZ n-7 
+)VT)VU-)VS 2 . 0 g ( 1 . 1 1 ool ) fcfUT. 
>fVA^»J/W3-;H7. 0g(110. 3on> 
1) . i&SKO. 4 8g^fflV>T±iaH]5S09li:[5iac7) 
#8cCfTW JSE^g ( 1 7 0-C/O. 2mmHg) fffifc: 

i oraiEfl:^*^ y/^-y ;wn -y^x-r/p 
(3) 12. I9g (-f y^-y;pr;un-;wc»Lr 

5 2. 6%) *f*fc. ( 3 ) c^fetttttf: 

[002 1 ] l H-NMR(CDCl 3 ,£) : 0.91 (t,3H. J=7.2Hz), 
1.36-1.62<MH).3.44(t,2H,J=8.0Hz), 3.88(s,3H), 4. 
40(s,2H) , 5.62(s, 1H) ,6. 62-6. 93 (m, 3H) 
IR(cri) : 3448, 2964 , 2940, 2872, 1596, 1514, 144 
6. 1374, 1278. 1128,1094. 1030, 802, 760 

[0022] HfW4 it&fa (4MVrt:y;M 
so- y^-im-y-JlCO^fc 
±E**W 1 Tffl^fc n -ro tr/wra^-A* i s o 
-r^T^3-;l/2 8. 8g <3 79miD0l) fcffcU 
«EH@£16 0-1 7 0*0/0. laDBHgTfio^eW 

*4JbiesBfc«i fcHW^^rffiTfiv^ MEfl:^*>f y/< 

^»J/Piso-/f;H-f;M4)4. 23g(-fy 
Axy/pr^3-;Wc»LT 5 1.7%) t#£> 
*ifcfl:£» (4 ) ^)Wttli»C<Wi"JT**. 
[0023] l H-NMR(CDCl 3 .£) : 0.91 (d,6H, J=6.6Hz), 
1 . 89 (sept. 1H, J=6. 6Hz) , 3. 20(d. 2H, J=6. 6Hz) , 3. 88(s, 3 
H), 4.41(s,2H), 5.62<s,lH),6.82-6.93(n,3H) 
IRfcnri) :3248, 3036, 3004, 2956 , 2876, 1592, 151 
4. 1460, 1448. 1370,1280, 1132, 1066. 1026, 756, 6 
40 

[-0 0 24] |»W 5 ««(5My^T 
$;Px-x/UcO&]£ 

±e«w im^n- rn t^r/un n - r 

S/Wr^3-;U3 4- 3g (38 9hdk>1) fcfti. «BE 
US?- 16 0-1 7 Or/0. lnnsHg-Cff^^tW(i± 

EsawifcHaw«ErttTffv\ ^ieft^i>f va'-u 

yUn-r^^x— (5)4. 38g (>ryy\*-y;i/ 

r^n-^wtLTso. 2%) nt>tit:it<£t 
m is) <r)W&\m<nm*)Th%. 

[002 5] l H-NMR(CDCl 3 ,^) : 0.89(t,3H, J=6.9Hz), 
1.33(m,4H). 1.56-1.63(n,2H),3.43(t,2H,J=6.6Hz). 3. 
88(s.3H), 4.40(s,2H). 5.61(s. 1H).6.82-6.93(b.3H) 
IR(cm-i) :3448, 2940 . 2864, 1596, 1514, 1460, 136 
8. 1276, 1128. 1094.1028, 802, 760 
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[OO26]9dfe0«6 ft#B9<6) JV^-Vfri 

JJe^ttMiTfflv^n-rotr^r^n-^Sr i s o 

-r^)VT)V^-)V2S. 6g <324raaol) iZitl. 
ME3£®£l6 0-17 0'C/0. lmmHgTffo^h 

— U/P i so-7^X-fiM6) 3. 25g MY 

^-y/pr^n-;Hc»L-C44. 7%) ®h 
tiwt^rn ( 6 ) o*tti*fc4Si | }'ra*. 

[0027] 1 H-NMR(CDCl 3 , S) : 0.89(d,6H, J=6.5Hz) , 
1 . 50(q. 2H, J=6. 8Hz) , 1 . 73 (a, 1H) , 3. 46 (t. 2H, J=6. 8Hz) , 

3.88(s,3H), 4.40(s,2H), 5.60(s,lH) , 6. 82-6. 93 (m, 3 
H) 

IR(crO :3432, 2960 . 2872, 1596, 1514, 1464, 144 
6, 1372, 1278. 1128,1092, 1028 , 802, 760 
[0028I38WI7 fl:£*<7) 4V*->))Vn 





8 £ tt 


(1) 


(2) 
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(4) 


(5) 


(6) 


Its® ( 1 ) 


0.05 
















0.05 
















0. 05 








Q&fo i 4 ) 








0.05 






4t£<fe (5) 










0.05 
















0.005 


5 0%x?/-;k4c 










'<7 





*x^T^3-/P3 3- Og (3 24mmol) \zftt. S 
J^S^16 0-17 0-C/0. l«H*rff->fc£IWi 

•J/Pn-^y/i/X-f;K7) 4. 83 g (-fVA- 
U/PT/^-;Kw*tLT6 2. 6%) #Mifc 

( 7 ) <^n*oa>)T**. 

[0029] 1H-NMR<CDC1 3 , ^) : 0.88(t,3H, J=6.8Hz), 
1.29-1.63(B,8H),3.43(t.2H.J=6.6Hz), 3.88<s,3H). 4. 
40(s,2H), 5.60(s,lH),6.82-*.93(m,3H> 
IRCcr 1 ) : 3440, 2936 . 2864, 15%. 1514, 1462, 144 
6. 1372, 1Z78, 1128,10%, 1030, 802, 758 

[OO3O1MS0U 

[0031] 



[0032] 1 0 A<0tt»Stt<Ol»*rtHt:. _hlBT1f 
tWi*SWH[fc 1 0/iL»6U f*SH& 3 0* 

Rxsi&m&comth&mimBiz^Tm&L 



[0033] 
[f£2] 







3 0£fc 
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riS&fcfc (5) 


6 


5 


4 


2 


3 


0 




10 


10 


6 


9 


2 


8 



too 34i amo. tmmm <n ~<5) at, + 



[0035] $mms 

[0036] 
[£3] 



tfyxf-py^'jn-zw (PEG1500) 



15.0 
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chlorobenzylidtne) hydrazine, i.e., I (where Rl - H, R2 - C6H4-p-Cl, and R3 
- R4 - CH2Fh), in 94% yield. 
IT 237402-36-7P, 4- (Dibenzylhydrazonomethyl) -2-methoxyphenol 
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WO 99/33858 PCT/US98/27333 

ESTRONE SULFAMATE INHIBITORS OF ESTRONE SULFATASE, 
AND ASSOCIATED PHARMACEUTICAL COMPOSITIONS 
AND METHODS OF USE 

5 

Technical Field 

The present invention relates generally to steroid hormones, and more 
specifically relates to novel steroids which are inhibitors of the enzyme estrone 
sulfatase. The invention additionally relates to methods for inhibiting estrone 
10 sulfatase activity, to treatment of disorders that are estrogen-dependent, i.e., are 
estrogen-induced or estrogen-stimulated, and to pharmaceutical compositions 
containing one or more of the novel compounds. 

Background 

15 Breast cancer is one of the most prevalent types of cancer, and 

epidemiological and clinical studies have shown that approximately one-third of 
breast tumors are estrogen-dependent. This means that estrogens are required for 
the growth of such breast tumors in both premenopausal and postmenopausal 
patients. In postmenopausal women, in whom breast cancer most commonly 

20 occurs, breast tumor concentrations of estrone and estradiol are considerably higher 
than blood estrogen levels. Although retention of estrogens in breast tumors by 
high-affinity binding proteins contributes to the level of estrogens in tumors, 
estrogen concentrations in the breast are higher than plasma levels in breast cancer 
patients regardless of whether their tumors are estrogen receptor-positive (ER+) or 

25 receptor-negative (ER-). In situ formation of estrogen from estrogen biosynthetic 
precursors within tumors is now known to make a major contribution to the 
estrogen content of breast tumors. 

The principal naturally occurring estrogens are 17p-estradiol, estrone, and 
estriol. The enzymes required for estradiol biosynthesis (i.e., aromatase, 17(J- 

30 hydroxy-steroid dehydrogenase, and estrone sulfatase) are present in normal and 
malignant breast tissues. Blood concentrations of estrone sulfate are 8- to 10-fold 
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greater than those of unconjugated free estrone, and breast tissue concentrations of 
estrone sulfotase activity, the enzyme responsible for the conversion of estrone 
sulfate to estrone, are a thousand-fold higher than those of aromatase activity. 



women. See, e.g.: Thijsen et al., Ann. N.Y. Acad. Sci. 464:106-116 (1986); 
Santner et al., /. Clin. Endocrinol. Metabol. 59_(l):29-33 (1984); Evans et al., J. 
Steroid Biochem. Mol. Biol. 22:493-499 (1991); Pasqualini et al., J. Steroid 
Biochem. Mol. Biol. 4_l(308):323-329 (1992); Vignon et al., Endocrinology 
10 J0j&(4): 1079-1086 (1980); and Santner et al. , Int. J. Cancer 54: 1 19-124 (1993). 



5 



Together, these findings suggest that estrone sulfatase plays a key role in regulating 
the formation of estrogens within breast tumors, particularly in postmenopausal 
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There is additional evidence of the relative significance of the aromatase and 
estrone sulfatase pathways in providing sufficient estrogen to sustain tumor growth. 
In postmenopausal women, the levels of estradiol in breast tumor tissues are 10 to 
40 times higher than in plasma and are similar to those in premenopausal women, 
5 even though plasma estrogen levels are much lower after the menopause. This 

concentration gradient is not entirely due to estradiol uptake and binding to estrogen 
receptors, since tissue estradiol levels correlate poorly with estrogen receptor levels. 

In situ production of estradiol, through either the aromatase or the estrone 
sulfatase pathway, could affect this gradient. The level of estrone sulfate present in 

10 the serum of postmenopausal women is 10 times higher than the level of free 
estrogens (Prost et al., Cancer Res. 44:661-664 (1984)). Serum estrone sulfate 
levels are also higher in postmenopausal women with breast cancer than in normal 
postmenopausal women (Purohit et al., Int. /. Cancer 5Q:901 -905 (1992)). Also, 
sulfatase levels in tumors are much higher than aromatase levels (Pasqualini et al., 

15 7. Steroid Biochem. 34(1-6): 155-163 (1989); Adams et al., Cancer Res. 22:5124- 
5126 (1979)). The absolute levels of aromatase activity in tumors are relatively 
low, ranging from 5 to 80 pmol/g protein/h. Bradlow (Bradlow et al., Cancer Res. 
(Suppl.) 42:3382s-3386s (1982)) and others consider this degree of tumor aromatase 
activity too low for a biologically meaningful level of estradiol to be synthesized 

20 locally within the tumor. 

Quantitative information on the local production of estrogen shows that the 
sulfatase activity in breast tumors is more than 10 times the aromatase activity 
When sulfatase and aromatase activity in human tumors were compared at 
physiological levels of substrate, sulfatase produced 2.8 pmol estrone/g protein/h 

25 while aromatase produced only 0.27 pmol/g protein/h. Consequently, estrone 
sulfate represents one of the most important precursors for tissue production of 
estradiol, and estrone sulfatase is a quantitatively more important local route for 
estrogen production than aromatase. 

To date, little work has been done in the development of estrone sulfatase 

30 inhibitors. Li et al., Steroids 6Q:299-306 (1995), evaluate several compounds as 

potential inhibitors of human placental sterylsulfatase, but do not identify any highly 
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potent estrone sulfatase inhibitors. Similarly, Duncan et aL, Cancer Research 
52:298-303 (1993), evaluate a potential estrone sulfatase inhibitor, estrone-3- 
methylthiophosphonate, but conclude that the experimental work done with that 
compound would hopefully lead to development of "more efficient" inhibitors of the 
enzyme. 

Accordingly, the present invention is directed to novel compounds that are 
extremely effective estrone sulfatase inhibitors. The invention thus represents a 
significant advance in the art, particularly in the treatment of breast cancer and 
other diseases and conditions that are potentiated by the presence of estrogens. 

In addition to the references cited above, the following pertain to one or 
more aspects of the invention and as much may be of background interest to those 
skilled in the art: Howarth et aL, J. Med. Chem. 2Z:219-221 (1994) and PCT 
Publication No. WO93/05064 relate to certain estrone sulfamates as inhibitors of 
steroid sulfatases, with Howarth et al. specifically focused on inhibition of estrone 
sulfatase. In addition, Dibbelt et al. , 7. Steroid Biochem. & Molec. BioL 
5Q(5/6):261-266 (1994) evaluates estrone sulfamate as a potential inhibitor of 
human placental sterylsulfatase, while Li et aL, Steroids 5S: 106-1 11 (1993), and 
Purohit et aL, Biochemistry 24: 11508-1 1514 (1995) also, discuss estrone sulfamate 
as a potential enzyme inhibitor. However, the compounds described in these and 
other references are believed to give rise to estrogenic products upon hydrolysis, 
unlike the novel compounds provided herein. 

Summary of the Invention 

Accordingly, it is a primary object of the invention to address the above- 
mentioned need in the art by providing novel compounds useful as inhibitors of 
estrone sulfatase. 

It is another object of the invention to provide novel estrone sulfatase 
inhibitors which are non-estrogenic. 

It is still another object of the invention to provide such compounds which 
do not give rise to estrogenic products when hydrolyzed. 
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It is yet another object of the invention to provide novel estrone sulfatase 
inhibitors which are anti-estrogenic. 

It is an additional object of the invention to provide such compounds which 
give rise to anti-estrogenic products upon hydrolysis. 

It is another object of the invention to provide a method for inhibiting 
estrone sulfatase activity using the novel compounds. 

It is a further object of the invention to provide a method for treating an 
individual with a disorder that is estrogen-dependent, i.e., an estrogen-induced or 
estrogen-stimulated condition or disease, by administering to the individual an 
effective estrone sulfatase inhibiting amount of a novel compound as provided 
herein, or a pharmaceutical ly acceptable salt thereof. 

It is yet a further object of the invention to provide a pharmaceutical 
composition for treating an individual with a disorder that is estrogen-dependent, 
the composition comprising a pharmaceutical^ acceptable carrier and an effective 
estrone sulfatase inhibiting amount of a novel compound as provided herein or a 
pharmaceutical^ acceptable salt thereof. 

Additional objects, advantages and novel features of the invention will be set 
forth in part in the description which follows, and in part will become apparent to 
those skilled in the art upon examination of the following, or may be learned by 
practice of the invention. 

In one embodiment, the invention relates to novel compounds having the 
structure of Formula (I) 



R 



II 



(D 



R , R 2 N0 2 SO^^- 




12 



R 



8 
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wherein: 

rl is an optional double bond; 

1 2 

R and R are selected from the group consisting of hydrogen and lower 
alkyl, or together form a cyclic substituent (II) 



<»> / \ 

10 

wherein Q is NH, O or CH 2 ; 

R 3 is selected from the group consisting of hydrogen, -CN, -N0 2 , -COOR 4 
wherein R 4 is hydrogen or lower alkyl, -(CH 2 ) n OR 5 and -(CH 2 ) n NR 6 R 7 wherein n 
is an integer in the range of 0 to 6, R 5 is hydrogen or lower alkyl, and R 6 and R 7 
15 are selected from the group consisting of hydrogen, lower alkyl and lower acyl, or 
together form the cyclic substituent (II); 

R is selected from the group consisting of hydrogen, -N0 2 , and NR R ; 

9 10 

R and R are independently selected from the group consisting of hydrogen 
and lower alkyl; and 

20 one of R 11 and R 12 is hydrogen and the other is lower alkyl, lower alkenyl, 

lower alkynyl, lower alkoxy, lower acyl, lower acyloxy, or -(CH 2 ) m -0-(CH 2 ) q - 
NR 6 R 7 wherein m and q are integers in the range of 0 to 6 and 1 to 6, respectively, 
or R 11 and R 12 together form =0 or =CR 13 R 14 in which R 13 and R 14 are 
independently selected from the group consisting of hydrogen, lower alkyl, -CN, 

25 "(CH 2 ) m -0-(CH 2 ) q -NR 6 R 7 and -COOR 4 . 

The invention also relates to pharmaceutical compositions containing one or 
more compounds of structural formula (I), and further relates to methods of using 
the compounds to inhibit estrone sulfatase activity and to treat individuals with 
disorders that are estrogen-dependent. 

30 
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Detailed Description of the Invention 

Definitions and Nomenclature: 

Before the present compounds, compositions and methods are disclosed and 

5 described, it is to be understood that this invention is not limited to specific reagents 
or reaction conditions, specific pharmaceutical carriers, or particular administration 
regimens, as such may, of course, vary. It is also to be understood that the 
terminology used herein is for the purpose of describing particular embodiments 
only and is not intended to be limiting. 

10 It must be noted that, as used in the specification and the appended claims, 

the singular forms "a," "an" and "the" include plural referents unless the context 
clearly dictates otherwise. Thus, for example, reference to H an estrone sulfatase 
inhibitor" includes mixtures of estrone sulfatase inhibitors, reference to "a pharma- 
ceutical carrier" includes mixtures of two or more such carriers, and the like. 

15 In this specification and in the claims which follow, reference will be made 

to a number of terms which shall be defined to have the following meanings: 

The term "alky!" as used herein refers to a branched or unbranched saturated 
hydrocarbon group of 1 to 24 carbon atoms, such as methyl, ethyl, n-propyl, 
isopropyl, /*-butyl, isobutyl, /-butyl, octyh decyl, tetradecyl, hexadecyl, eicosyl, 

20 tetracosyl and the like, as well as cycloalkyl groups such as cyclopentyl, cyclohexyl 
and the like. Preferred alkyl groups herein contain 1 to 12 carbon atoms. The term 
lower alkyl" intends an alkyl group of one to six carbon atoms, preferably one to 
four carbon atoms. 

The term "alkenyl" as used herein refers to a branched or unbranched 

25 hydrocarbon group of 2 to 24 carbon atoms containing at least one double bond, 
such as ethenyl, /z-propenyl, isopropenyl, /z-butenyl, isobutenyl, octenyl, decenyl, 
tetradecenyl, hexadecenyl, eicosenyl, tetracosenyl and the like. Preferred alkenyl 
groups herein contain 2 to 12 carbon atoms. The term "lower alkenyl" intends an 
alkenyl group of two to six carbon atoms, preferably two to four carbon atoms. 

30 The term "cycloalkenyl" intends a cyclic alkenyl group of three to eight, preferably 
five or six, carbon atoms. 
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The term "alkynyl" as used herein refers to a branched or unbranched 
hydrocarbon group of 2 to 24 carbon atoms containing at least one triple bond, such 
as ethynyl, /i-propynyl, isopropynyl, /i-butynyl, isobutynyl, octynyl, decynyl 
and the like. Preferred alkynyl groups herein contain 2 to 12 carbon atoms. 
5 The term "lower alkynyl" intends an alkynyl group of two to six carbon atoms, 
preferably two to four carbon atoms. 

The term "alkoxy" as used herein intends an alkyl group bound through a 
single, terminal ether linkage; that is, an "alkoxy" group may be defined as -OR 
where R is alky] as defined above. A "lower alkoxy" group intends an alkoxy 
10 group containing one to six, more preferably one to four, carbon atoms. 

The term "acyl" is used in its conventional sense to refer to a molecular 
substituent RCO- where R is alkyl as defined above. The term "lower acyl" refers 
to an acyl group wherein R contains one to six, more preferably one to four, carbon 
atoms. 

15 The term "ester" is used herein in its conventional sense to refer to a 

molecular substituent R(CO)0- where R is alkyl as defined above. A "lower alkyl 
ester" group intends an ester group containing one to six, more preferably one to 
four, carbon atoms, i.e., a lower acyloxy group. 

The term "aryl" as used herein refers to a monocyclic aromatic species of 5 

20 to 7 carbon atoms, and is typically phenyl. Optionally, these groups are substituted 
with one to four, more preferably one to two, lower alkyl, lower alkoxy or 
hydroxy I substituents. 

The term "sulfamate" is used in its conventional sense to refer to a molecular 
substituent having the general formula -0(S0 2 )NR 1 R 2 . In some instances, a 

25 sulfamate group may be drawn as R R~N0 2 SO-, but it is to be understood that the 
sulfur atom is directly bonded to each of the three oxygen atoms as well as to the 
nitrogen atom, with no oxygen atoms separatingR 1 and R 2 may be H; optionally, 
they may represent other substituents as discussed elsewhere herein. 

The term "inhibitor" as used herein is intended to include both reversible 

30 enzyme inhibitors and irreversible enzyme inhibitors, i.e., enzyme inactivators. 
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"Optional" or "optionally" means that the subsequently described event or 
circumstance may or may not occur, and that the description includes instances 
where said event or circumstance occurs and instances where it does not. For 
example, the phrase "optional double bond" used to refer to the dotted line in the 
5 structure of formula (I) indicated as "rl " means that either a single bond or a double 
bond is present. 

By the terms "effective amount" or "pharmaceutical ly effective amount" or 
"estrone sulfatase inhibiting amount" of an agent as provided herein are meant a 
nontoxic but sufficient amount of the agent to provide the desired level of enzyme 

10 inhibition and corresponding therapeutic effect. As will be pointed out below, the 
exact amount required will vary from subject to subject, depending on the species, 
age, and general condition of the subject, the severity of the condition being treated, 
and the particular enzyme inhibitor and mode of administration, and the like. Thus, 
it is not possible to specify an exact "effective amount." However, an appropriate 

15 "effective" amount in any individual case may be determined by one of ordinary 
skill in the art using only routine experimentation. 

By "pharmaceutically acceptable carrier" is meant a material which is not 
biologically or otherwise undesirable, i.e., the material may be administered to an 
individual along with the selected estrone sulfatase inhibitor without causing any 

20 undesirable biological effects or interacting in a deleterious manner with any of the 
other components of the pharmaceutical composition in which it is contained. 
Similarly, a "pharmaceutically acceptable" salt or a "pharmaceutically acceptable" 
ester of a novel compound as provided herein is a salt or ester which is not 
biologically or otherwise undesirable. 

25 The term "estrogenic" relates to the ability to produce some or all of the 

effects produced by estrogens. Conversely, the term "non-estrogenic" is used to 
refer to compounds which do not produce estrogenic effects. The preferred 
compounds described herein are non-estrogenic, and upon hydrolysis do not give 
rise to estrogenic products. The term "reduced estrogenic activity" refers to a 

30 compound that has 60 % or less of the estrogenic activity of estradiol. A compound 
may also be referred to herein as having "substantially no estrogenic activity," 
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10 



15 



20 



25 



meaning that the compound has less than about 5%, preferably less than about 2%, 
of the estrogenic activity of estradiol. 

The term "anti-estrogenic" is used herein to mean the ability to inhibit or 
modify the effects produced by estrogens. An " antiestrogenic " compound tends to 
inhibit the activity or the in situ production of estrogens such as estradiol, following 
administration to a mammalian individual. Preferred compounds of the invention 
are anti-estrogenic in nature and give rise to anti-estrogenic products upon 
hydrolysis. A "pure" anti-estrogenic compound as used herein refers to an anti- 
estrogenic compound which has no estrogenic activity, or substantially no estrogenic 
activity. 

In describing the location of groups and substituents, the following 
numbering systems will be employed. This system is intended to conform the 
numbering of the cyclopentanophenanthrene nucleus to the convention used by the 
IUPAC or Chemical Abstracts Service. The term "steroid" as used herein is 
intended to mean compounds having the aforementioned cyclopentanophenanthrene 
nucleus. 



In these structures, the use of bold and dashed lines to denote particular 
conformation of groups again follows the IUPAC steroid-naming convention. The 
symbols "a" and "P" indicate the specific stereochemical configuration of a 
substituent at an asymmetric carbon atom in a chemical structure as drawn. Thus 
"a," denoted by a broken line, indicates that the group in question is below the 
general plane of the molecule as drawn, and w p," denoted by a bold line, indicates 
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that the group at the position in question is above the general plane of the molecule 
as drawn. 

In addition, the five- and six-membered rings of the steroid molecule are 
often designated A, B, C and D as shown. 

The Novel Compounds- 

The novel compounds provided herein are those defined by structural 
formula (I), wherein R 1 , R 2 , R 3 , R 8 through R 12 and rl are as defined above. 

Preferred compounds are wherein R 1 , R 2 , R 9 and R 10 are hydrogen, and the 
optional double bond rl is not present. 

Within this preferred group, particularly preferred compounds are: 
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5 

(IV) 



10 




3 8 

wherein R and R are as defined previously, and one of R 13 and R 14 is hydrogen, 
and the other is as defined previously, or wherein R 13 and R 14 are both -CN; and 



20 
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wherein one of R 11 and R 12 is hydrogen and the other is -(CH 2 ) m -0(CH 2 ) q - 
N(CH 3 ) 2 , and wherein m is preferably 0 or 1 and q is preferably 2, 3 or 4. 

Examples of specific compounds of formula (I) include, but are not limited 
to, the following: 



H 2 N0 2 SO 




O 



CH 3 CH 2 OOC 
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CH 3 0 

H 2 N0 2 SO 
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10 



H2NO2SO 




15 



20 



H2NO2SO 




CN 



25 



30 



The compounds may be in the form of pharmaceutical^ acceptable salts or 
esters, or may be modified by appending one or more appropriate functionalities to 
enhance selected biological properties. Such modifications are known in the art and 
include those which increase biological penetration into a given biological system, 
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increase oral bioavailability, increase solubility to allow administration by injection, 
and the like. 

Salts of the compounds can be prepared using standard procedures known to 
those skilled in the art of synthetic organic chemistry and described, for example, 
5 by J. March, Advanced Organic Chemistry: Reactions. Mechanis ms and Structure , 
4th Ed. (New York: Wiley-Interscience, 1992). Acid addition salts are prepared 
from the free base (e.g., compounds having a neutral -NH 2 or cyclic amine group) 
using conventional means, involving reaction with a suitable acid. Typically, the 
base form of the compound is dissolved in a polar organic solvent such as methanol 

10 or ethanol and the acid is added at a temperature of about 0°C to about 100°C, 

preferably at ambient temperature. The resulting salt either precipitates or may be 
brought out of solution by addition of a less polar solvent. Suitable acids for 
preparing acid addition salts include both organic acids, e.g., acetic acid, propionic 
acid, glycolic acid, pyruvic acid, oxalic acid, malic acid, malonic acid, succinic 

15 acid, maleic acid, fumaric acid, tartaric acid, citric acid, benzoic acid, cinnamic 
acid, mandelic acid, methanesulfonic acid, ethanesulfonic acid, p-toluenesulfonic 
acid, salicylic acid, and the like, as well as inorganic acids, e.g., hydrochloric acid, 
hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid, and the like. An acid 
addition salt may be reconverted to the free base by treatment with a suitable base. 

20 Preparation of basic salts of acid moieties which may be present (e.g., 

carboxylic acid groups) are prepared in a similar manner using a pharmaceutical ly 
acceptable base such as sodium hydroxide, potassium hydroxide, ammonium 
hydroxide, calcium hydroxide, magnesium hydroxide, trimethylamine, or the like. 
Preparation of esters involves functional ization of hydroxy 1 and/or carboxyl 

25 groups which may be present. These esters are typically acyl-substituted derivatives 
of free alcohol groups, i.e., moieties which are derived from carboxylic acids of the 
formula RCOOH where R is alkyl, and preferably is lower alkyl. Pharmaceutical^ 
acceptable esters may be prepared using methods known to those skilled in the art 
and/or described in the pertinent literature. Esters can be reconverted to the free 

30 acids, if desired, by using conventional hydrogenolysis or hydrolysis procedures. 
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Certain of the novel compounds are chiral in nature and can thus be in 
enantiomerically pure form or in a racemic mixture. The invention encompasses 
both the enantiomerically pure form of such compounds as well as diastereomeric 
and racemic mixtures thereof. Furthermore, certain compounds are stereoisomers 
which are asymmetric with respect to a C=C bond. In such a case, the invention 
encompasses both such structures, i.e., both the "E" and "Z" isomers, as well as 
mixtures thereof. 

Utility and Administratis 

The compounds defined by structural formula (I) are useful as estrone 
sulfatase inhibitors and are therefore useful for the treatment of estrogen-dependent 
disorders, i.e., conditions or diseases that are estrogen-induced or estrogen 
stimulated. Since the present compounds can lower circulating estrogen levels, they 
can effectively prevent the biologically active estrogens from reaching endocrine 
tumors. In addition, since the present compounds can reduce estrogen biosynthesis 
in tumors capable of endogenous estrogen synthesis, the present compounds are 
capable of inducing remissions in breast cancer, including metastatic tumors. 
Furthermore, the present compounds have utility in the treatment of ovarian, uterine 
and pancreatic tumors as well as disease conditions such as galactorrhea, McCurne- 
Albright syndrome, benign breast disease, and endometriosis. 

An important feature of the preferred novel compounds described herein is 
that neither they nor their hydrolysis products are estrogenic. They are therefore 
especially advantageous for the applications described above because their 
administration will not exacerbate the conditions which they are used to treat. 

In further preferred embodiments, the present compounds and their 
hydrolysis products are anti-estrogenic. Thus the compounds may be employed as 
anti-estrogenic agents, and are therefore useful for treating a variety of estrogen- 
dependent disorders, i.e., those conditions or diseases that are either induced or 
stimulated by estrogen. Such conditions include, but are not limited to: breast 
cancer, including metastatic tumors; ovarian, uterine and pancreatic tumors; and 
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disease conditions such as galactorrhea, McCurne- Albright syndrome, benign breast 
disease, and endometriosis. 

The compounds may be conveniently formulated into pharmaceutical 
compositions composed of one or more of the compounds in association with a 
5 pharmaceutical^ acceptable carrier. See Remington: The Science and Practice of 
Pharmacy, 19th Ed. (Easton, PA: Mack Publishing Co., 1995), which discloses 
typical carriers and conventional methods of preparing pharmaceutical compositions 
which may be used to prepare formulations using the novel enzyme inhibitors of the 
invention. The compounds may also be administered in the form of 

10 pharmaceutical^ acceptable salts, or in the form of pharmaceutical ly acceptable 
esters, as explained in the preceding section. 

The compounds may be administered orally, parenterally, transdermally, 
rectally, nasally, buccally, vaginally or via an implanted reservoir in dosage 
formulations containing conventional non-toxic pharmaceutical^ acceptable 

15 carriers, adjuvants and vehicles. The term "parenteral" as used herein is intended to 
include subcutaneous, intravenous, and intramuscular injection. The amount of 
active compound administered will, of course, be dependent on the subject being 
treated, the subject's weight, the manner of administration and the judgment of the 
prescribing physician. Generally, however, dosage will be in the range of 

20 approximately 0.01 mg/kg/day to 10.0 mg/kg/day, more preferably in the range of 
about 1 .0 mg/kg/day to 5.0 mg/kg/day. 

Depending on the intended mode of administration, the pharmaceutical 
compositions may be in the form of solid, semi-solid or liquid dosage forms, such 
as, for example, tablets, suppositories, pills, capsules, powders, liquids, 

25 suspensions, or the like, preferably in unit dosage form suitable for single 

administration of a precise dosage. The compositions will include, as noted above, 
an effective amount of the selected inhibitor in combination with a pharmaceutical^ 
acceptable carrier and, in addition, may include other pharmaceutical agents, 
adjuvants, diluents, buffers, etc. 

30 For solid compositions, conventional nontoxic solid carriers include, for 

example, pharmaceutical grades of mannitol, lactose, starch, magnesium stearate, 
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sodium saccharin, talc, cellulose, glucose, sucrose, magnesium carbonate, and the 
like. Liquid pharmaceutical ly administrate compositions can, for example, be 
prepared by dissolving, dispersing, etc., an estrone sulfatase inhibitor as described 
herein and optional pharmaceutical adjuvants in an excipient, such as, for example, 
5 water, saline, aqueous dextrose, glycerol, ethanol, and the like, to thereby form a 
solution or suspension. If desired, the pharmaceutical composition to be adminis- 
tered may also contain minor amounts of nontoxic auxiliary substances such as 
wetting or emulsifying agents, pH buffering agents and the like, for example, 
sodium acetate, sorbitan monolaurate, triethanolamine sodium acetate, 

10 triethanolamine oleate, etc. Actual methods of preparing such dosage forms are 

known, or will be apparent, to those skilled in this art; for example, see Remington- 
The Sci ence and Practice of Pharmacy referenced above. 

For oral administration, the composition will generally take the form of a 
tablet or capsule, or may be an aqueous or nonaqueous solution, suspension or 

15 syrup. Tablets and capsules are preferred oral administration forms. Tablets and 
capsules for oral use will generally include one or more commonly used carriers 
such as lactose and corn starch. Lubricating agents, such as magnesium stearate, 
are also typically added. When liquid suspensions are used, the active agent is 
combined with emulsifying and suspending agents. If desired, flavoring, coloring 

20 and/or sweetening agents may be added as well. Other optional components for 
incorporation into an oral formulation herein include, but are not limited to, 
preservatives, suspending agents, thickening agents, and the like. 

Parenteral administration, if used, is generally characterized by injection. 
Injectable formulations can be prepared in conventional forms, either as liquid 

25 solutions or suspensions, solid forms suitable for solution or suspension in liquid 
prior to injection, or as emulsions. Preferably, sterile injectable suspensions are 
formulated according to techniques known in the art using suitable dispersing or 
wetting agents and suspending agents. The sterile injectable formulation may also 
be a sterile injectable solution or a suspension in a nontoxic parenterally acceptable 

30 diluent or solvent. Among the acceptable vehicles and solvents that may be 

employed are water. Ringer's solution and isotonic sodium chloride solution. In 
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addition, sterile, fixed oils are conventionally employed as a solvent or suspending 
medium. A more recently revised approach for parenteral administration involves 
use of a slow release or sustained release system, such that a constant level of 
dosage is maintained. See, e.g., U.S. Patent No. 3,710,795. 
5 The compounds of the invention may also be administered through the skin 

or mucosal tissue using conventional transdermal drug delivery systems, wherein 
the agent is contained within a laminated structure that serves as a drug delivery 
device to be affixed to the skin. In such a structure, the drug composition is 
contained in a layer, or "reservoir,'' underlying an upper backing layer. The 

10 laminated structure may contain a single reservoir, or it may contain multiple 
reservoirs. In one embodiment, the reservoir comprises a polymeric matrix of a 
pharmaceutical^ acceptable contact adhesive material that serves to affix the system 
to the skin during drug delivery. Examples of suitable skin contact adhesive 
materials include, but are not limited to, polyethylenes, polysiloxanes, 

15 polyisobutylenes, polyacryiates, polyurethanes, and the like. Alternatively, the 
drug-containing reservoir and skin contact adhesive are present as separate and 
distinct layers, with the adhesive underlying the reservoir which, in this case, may 
be either a polymeric matrix as described above, or it may be a liquid or hydrogel 
reservoir, or may take some other form. 

20 The backing layer in these laminates, which serves as the upper surface of 

the device, functions as the primary structural element of the laminated structure 
and provides the device with much of its flexibility. The material selected for the 
backing material should be selected so that it is substantially impermeable to the 
active agent and any other materials that are present. The backing layer may be 

25 either occlusive or nonocclusive, depending on whether it is desired that the skin 
become hydrated during drug delivery. The backing is preferably made of a sheet 
or film of a preferably flexible elastomeric material. Examples of polymers that are 
suitable for the backing layer include polyethylene, polypropylene, polyesters, and 
the like. 

30 During storage and prior to use, the laminated structure includes a release 

liner. Immediately prior to use, this layer is removed from the device to expose the 
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basal surface thereof, either the drug reservoir or a separate contact adhesive layer, 
so that the system may be affixed to the skin. The release liner should be made 
from a drug/vehicle impermeable material. 

Transdermal drug delivery devices may be fabricated using conventional 
5 techniques, known in the art, for example by casting a fluid admixture of adhesive, 
drug and vehicle onto the backing layer, followed by lamination of the release liner. 
Similarly, the adhesive mixture may be cast onto the release liner, followed by 
lamination of the backing layer. Alternatively, the drug reservoir may be prepared 
in the absence of drug or excipient, and then loaded by soaking in a drug/vehicle 
10 mixture. 

The laminated transdermal drug delivery systems may in addition contain a 
skin permeation enhancer. That is, because the inherent permeability of the skin to 
some drugs may be too low to allow therapeutic levels of the drug to pass through a 
reasonably sized area of unbroken skin, it is necessary to coadminister a skin 

15 permeation enhancer with such drugs. Suitable enhancers are well know in the art 
and include, for example, dimethylsulfoxide (DMSO), dimethyl formamide (DMF), 
N,N-dimethylacetamide (DMA), decylmethylsulfoxide (C I(( MSO), C r C 6 
alkanediols, and the 1 -substituted azacycloheptan-2-ones, particularly 1-n- 
dodecylcyclaza-cycloheptan-2-one (available under the trademark Azone® from 

20 Whitby Research Incorporated, Richmond, VA), alcohols, and the like. 

Alternatively, the pharmaceutical compositions of the invention may be 
administered in the form of suppositories for rectal administration. These can be 
prepared by mixing the agent with a suitable non- irritating excipient which is solid 
at room temperature but liquid at the rectal temperature and therefore will melt in 

25 the rectum to release the drug. Such materials include cocoa butter, beeswax and 
polyethylene glycols. 

The pharmaceutical compositions of the invention may also be administered 
by nasal aerosol or inhalation. Such compositions are prepared according to 
techniques well-known in the art of pharmaceutical formulation and may be 

30 prepared as solutions in saline, employing benzyl alcohol or other suitable 
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preservatives, absorption promoters to enhance bioavailability, fluorocarbons, 
and/or other conventional solubilizing or dispersing agents. 

Preferred formulations for vaginal drug delivery are ointments and creams. 
Ointments are semisolid preparations which are typically based on petrolatum or 
other petroleum derivatives. Creams containing the selected active agent, are, as 
known in the an, viscous liquid or semisolid emulsions, either oil-in-water or 
water-in-oil. Cream bases are water- washable, and contain an oil phase, an 
emulsifier and an aqueous phase. The oil phase, also sometimes called the 
"internal" phase, is generally comprised of petrolatum and a fatty alcohol such as 
cetyl or stearyl alcohol; the aqueous phase usually, although not necessarily, 
exceeds the oil phase in volume, and generally contains a humectant. The 
emulsifier in a cream formulation is generally a nonionic, anionic, cationic or 
amphoteric surfactant. The specific ointment or cream base to be used, as will be 
appreciated by those skilled in the art, is one that will provide for optimum drug 
delivery. As with other carriers or vehicles, an ointment base should be inert, 
stable, nonirritating and nonsensitizing. Also preferred are vaginal suppositories. 
Suppositories may be formulated using conventional means, e.g., compaction, 
compression-molding or the like, and will contain carriers suited to vaginal drug 
delivery, typically a bioerodible material which provides for the desired drug 
release profile. 

Formulations for buccal administration include tablets, lozenges, gels and 
the like. Alternatively, buccal administration can be effected using a transmucosal 
delivery system. 

Process for Preparation* 

The compounds of the invention may be prepared in high yield using 
relatively simple, straightforward methods as exemplified in the experimental 
section herein. Syntheses of representative compounds are detailed in Examples 1 
through 32. Reference may also be had to co-pending, commonly assigned U.S. 
Patent Application Serial No. 08/998,877, entitled "Novel Anti-Estrogenic Steroids, 
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and Associated Pharmaceutical Compositions and Methods of Use," inventors 
Tanabe et al. (filed on even date herewith.) 

Experimental 

5 The practice of the present invention will employ, unless otherwise 

indicated, conventional techniques of synthetic organic chemistry, biological testing, 
and the like, which are within the skill of the art. Such techniques are explained 
fully in the literature. See, e.g., Fieser et al., Steroids (New York: Reinhold, 
1959), Djerassi, Steroid Reactions: An Outline for Organic ChenmK (San 

10 Francisco: Holden-Day, 1963), and Fried et ah, Organic React ions in Steroid 
Chemistry , vols. 1 and 2 (New York: Reinhold, 1972), for detailed information 
concerning steroid-related synthetic procedures. Reference may be had to 
Maclndoe et al., Endocrinology 1210): 1281-1287 (1988), Duncan et al., Cancer 
Res. 52:298-303 (1993), and Yue et al., 7. Steroid Biochem. 44:671-673 (1993), 

15 for a description of the biological testing procedures useful to evaluate compounds 
such as those described and claimed herein. 

It is to be understood that while the invention has been described in 
conjunction with the preferred specific embodiments thereof, that the description 
above as well as the examples which follow are intended to illustrate and not limit 

20 the scope of the invention. Other aspects, advantages and modifications within the 
scope of the invention will be apparent to those skilled in the art to which the 
invention pertains. 

In the following examples, efforts have been made to ensure accuracy with 
respect to numbers used (e.g., amounts, temperature, etc.) but some experimental 

25 error and deviation should be accounted for. Unless indicated otherwise, 

temperature is in degrees C and pressure is at or near atmospheric. All solvents 
were purchased as HPLC grade, and all reactions were routinely conducted under 
an inert atmosphere of argon unless otherwise indicated. All reagents were obtained 
commercially unless otherwise indicated. Estrone and estradiol were purchased 

30 from Berlichem U.S.; ethynyl estradiol was purchased from Akzo Nobel. NMR 
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analyses were conducted on either a Varian Gemini 300 and were referenced to 
chloroform at 6 7.27. FTIR spectra were recorded on a Perkin-Elmer 1610. 

The following scheme illustrates the synthetic steps carried out in Examples 
1 and 2 to make the estrone sulfatase inhibitors (5) and (7): 




3 R - Ac : 6a 

R - H : 6b 7 



Scheme 1 
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Exampte 1 

Preparation of 19-Nnrprepn a - l,3.5nOV 16- 
tetraen-?0-vnp-l-r)- «;ulfamate (S) 
(a) Synthesis of Ethynylestradiol 3-0-acetate (2): 
5 To a solution of ethynylestradiol (1 , 5.92 g, 20 mmol) in tetrahydrofuran 

(THF) (30 mL) and CH 2 C1 2 (70 mL) were added triethylamine (6.8 ml, 50 mmol) 
and acetic anhydride (2.8 ml, 30 mmol); the mixture was then stirred for 17 h at 
room temperature. Saturated aqueous NH 4 C1 was added to the reaction mixture, 
which was then extracted with ethyl acetate (EtOAc). The combined organic layers 
10 were washed with H 2 0, saturated aqueous NaCl, and then dried (Na 2 S0 4 ). The 
desiccant was filtered and the solvent was evaporated at reduced pressure. The 
residue was washed with Et 2 0 to afford 6.08 g of 2 (90% yield) mp: 147-148 °C. 

'H NMR: 6 7.29 (d, 1H, aromatic), 6.90-6.75 (m, 2H, aromatic), 2.60 (s, 
1H, -OCH), 2.28 (s, 3H, -OCOCH 3 ), 0.88 (s, 3H, 18-CH 3 ). 
15 (b) Synthesis of 19-Norpregna-l ,3,5(10),16-tetraen-20-yn-3-ol 3-0-acetate 

(3): 

To a solution of ethynylestradiol 3-0-acetate (2, 3.05 g, 9.0 mmol) in 
pyridine (25 mL) was added phosphorousoxychloride (1.7 ml, 18 mmol) and stirred 
for 2 h at 1 10°C. Afterwards, the reaction mixture was cooled to room 

20 temperature, poured into ice (lOOg) and acidified with 5 N HC1, and then extracted 
with EtOAc. The combined organic layers were washed with H 2 0, saturated 
aqueous NaCl, and then dried (Na 2 S0 4 ). The desiccant was filtered and the solvent 
was evaporated at reduced pressure. The residue was purified by column 
chromatography (silica gel) using n-hexane: EtOAc (15:1-10:1, v/v) to afford 1.83 

25 g of 3 (64% yield) mp: 104-106°C. 

'H NMR: 6 7.28 (d, 1H, aromatic), 6.95-6.75 (m, 2H aromatic), 6.22-6.10 
(m, 1H, 16-H), 3.09 (s, 1H, -OCH), 2.28 (s, 3H, -OCOCH 3 ), 0.88 (s, 3H, 18- 
CH 3 ). 
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(c) Synthesis of 19-Norpregna- 1,3,5(10),! 6- tetraen-20-yn-3-ol (4): 

To a solution of 19-non>regira-l,3,5(10),16-tetraen-20-yn-3-ol 3-0-acetate 
(3, 0.670 g, 2.1 mmol) in THF (2.0 mL) and methanol (MeOH) (5.0 mL) was 
added potassium carbonate (0.290 g, 2. 1 mmol) and stirred for 1 h at room 

5 temperature. The reaction mixture was acidified with 1 N HC1, and extracted with 
EtOAc. The combined organic layers were washed with H 2 0, saturated aqueous 
NaCl, and then dried (Na 2 S0 4 ). The desiccant was filtered and the solvent was 
evaporated at reduced pressure. The residue was purified by column 
chromatography (silica gel) using n-hexane:EtOAc (5:1-2:1, v/v) to afford 0.573 g 

10 of (4) (99% yield) mp: 158-159°C. 

'H NMR: 6 7.15 (d, 1H, aromatic), 6.68-6.52 (m, 2H, aromatic), 6.20-6.10 
(m, 1H, 16-H), 4.55 (s, 1H, -OH), 3.09 (s, 1H, -OCH), 0.88 (s, 3H, 18-CH 3 ); 
MS (EI): m/z 278 (M + ). 

(d) Synthesis of 19-Norpregna-l,3,5(10),16-tetraen-20-yne-3-O-sulfamate 

15 (5): 

To a solution of chlorosulfonyl isocyanate (0.22 ml, 2.5 mmol) in CH<>Ch 
(1.0 mL) was added formic acid (0.5 ml of a CH 2 C1 2 solution, 5.0 M, 2.5 mmol) at 
0°C. The reaction mixture was warmed to room temperature and stirred for 1 h. 
To a solution of 19-norpregna-l,3,5(10),16-tetraen-20-yn-3-ol (4, 0.139 g, 0.5 

20 mmol) in DMF (3.0 mL) was added sodium hydride (0.100 g of a mineral oil 

dispersion, 60%, 2.5 mmol) at 0°C. The reaction mixture was stirred for 1 h, and 
the chlorosulfonyl isocyanate in formic acid was then added, and stirring continued 
for 2 h. The reaction mixture was quenched with saturated aqueous NH 4 C1 at 0°C, 
and extracted with EtOAc. The combined organic layers were washed with HoO, 

25 saturated aqueous NaCI, and then dried (Na 2 S0 4 ). The desiccant was filtered and 
the solvent was evaporated at reduced pressure. The residue was purified by 
column chromatography (silica el) using n-hexane: EtOAc (3:1-2:1, v/v) to afford 
0.142 g of 5, (79% yield) mp: 210°C (decomposed). 

l H NMR: 6 7.31 (d, 1H, aromatic), 7.15-7.00 (m, 2H, aromatic), 6.18-6.12 

30 (m, 1H, 16-H), 4.91 (s, 2H, -NH 2 ), 3.09 (s, 1H, -OCH), 0.88 (s, 3H, 18-CH 3 ); 
MS (EI): m/z 357 (M + ). 
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Examplp. ? 

Preparation of lQ-Norprp pna -i i sfp if. 
ietraen-20-one-3-O- S iilf a m^ t e(7> 

(a) Synthesis of 19-Norpregna- 1,3, 5(10), 16-tetraen-20-yn-3-ol 3-0- 
acetate (3): 

The procedure described in steps (a) and (b) of Example 1 above was used t 
obtain 3. 

(b) Synthesis of 3-Hydroxy-19-norpregna-l,3,5(10,16-tetraen-20-one 3-0- 
acetate (6a) and 3-Hydroxy-19-norpregna-l,3,5(10), 16-tetraen-20-one (6b): 

A solution of 19-norpregna-l, 3,5(10), 16- tetraen-20-yn-3-ol 3-0-acetate (3, 
1.05 g, 3.3 mmol) in 96% formic acid (30 mL) was stirred for 30 min at 100°C. 
Afterwards, the reaction mixture was cooled to room temperature, poured into ice 
(100 g) and stood for 18 h at 0°C. The precipitate was collected by filtration and 
washed with H 2 0, and purified by column chromatography (silica gel) using 
n-hexane:EtOAc (5:16-2:1, v/v) to afford 0.418 g of 6a (37% yield) mp: 
154-155°C, and 0.267 g of 6b (27% yield) mp: 243-244°C. 

6a: 'H NMR: 8 7.28 (d, 1H, aromatic), 6.95-6.68 (m, 3H, aromatic, 
16-H), 2.28 (s, 3H, 21-CH 3 ), 2.28 (s, 3H, -OCOCH 3 ), 0.92 (s, 3H, 18-CH 3 ). 

6b: 'H NMR: 5 7.15 (d, 1H, aromatic), 6.80-6.72 (m, 1H, 16-H), 
6.68-6.53 (m, 2H, aromatic), 2.29 (s, 3H, 21-CH 3 ), 0.92 (s, 3H, 18-CH 3 ); MS 
(EI): m/z 296 (M + ). 

(c) Synthesis of 19-Norpregna-l,3,5(10),16-tetraen-20-one-3-O-sulfamate 

(7): 

Beginning with 3-hydroxy-19-norpregna- l,3,5(10),16-tetraen-20-one (6b, 
0.148 g, 0.50 mmol), by using the procedure described in step (d) of Example 1 
above, 0.139 g of (7) (74% yield) mp: 189-190°C was obtained after 
chromatography (n-hexane:EtOAc 2:1-3:2, v/v). 
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'H NMR: 8 7.31 (d, 1H, aromatic), 7.13-7.00 (m, 2H, aromatic), 6.78-6.70 
(m, 1H, 16-H), 4.97 (s, 2H, -NH 2 ), 2.29 (s, 3H, 21-CH 3 ), 0.92 (s, 3H, 18-CH 3 ); 
MS (EI): m/z 375 (M + ). 

Example 3 

Preparation of 1Q- Norpregna-l .3.5(1 0>trien-20-one- 
3-0-snlfamate (HO) 




Scheme 2 

(a) Synthesis of 3-Hydroxy-19-norpregna-l,3,5(10)trien-20-one (9): 
To a solution of 3-hydroxy-19-norpregna- l,3,5(10)trien-20-one 3-0-acetate 
(8, 0.340 g, 1.0 mmol) in THF (5.0 mL) and MeOH (5.0 mL) was added 
potassium carbonate (0.138 g, 1.0 mmol) at 0°C. The reaction mixture was stirred 
for 2 h, and quenched with saturated aqueous NH 4 C1 at 0°C, and extracted with 
EtOAc. The combined organic layers were washed with H 2 0, saturated aqueous 
NaCl, and then dried (Na 2 S0 4 ). The desiccant was filtered and the solvent was 
evaporated at reduced pressure. The residue was washed with Et 2 0 to afford 0.267 
g of 9 (90% yield) mp; 237-238°C. 

'H NMR: 5 7.15 (d, 1H, aromatic), 6.67-6.52 (m, 2H, aromatic), 4.76 (s, 
1H, -OH), 2.62 (t, lH,17ar-H), 2.16 (s, 3H, 21-CH 3 ), 0.66 (s, 3H, 18-CH 3 ); MS 
(EI): m/z 298 (M + ). 
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(b) Synthesis of 19-Norpregna-l,3,5(10)trien-20- one-3-O-sulfamate (10): 
To a solution of chlorosulfonyl isocyanate (0.22 mL, 2.5 mmol) in CHoCl-, 
(1.0 mL) was added formic acid (0.5 mL of a CH 2 C1 2 solution, 5.0 M, 2.5 mmol) 
at 0°C. The reaction mixture was warmed to room temperature and stirred for 1 h. 
5 To a solution of 3-hydroxy-19-norpregna-l ,3,5(10)trien-20-one (9, 0. 149 g, 0.5 
mmol) in DMF (3.0 mL) was added sodium hydride (0.100 g of a mineral oil 
dispersion, 60%, 2.5 mmol) at 0°C. The reaction mixture was stirred for 1 h, and 
the chlorosulfonyl isocyanate in formic acid was added, and stirring continued for 2 
h. The reaction mixture was quenched with saturated aqueous NH 4 C1 at 0°C, and 
10 extracted with EtOAc. The combined organic layers were washed with H,0, 

saturated aqueous NaCl, and then dried (Na 2 S0 4 ). The desiccant was filtered and 
the solvent was evaporated at reduced pressure. The residue was washed with Et-,0 
to afford 0.151 g of 10 (80% yield) mp: 1 89-1 90° C. 

! H NMR: 6 7.31 (d, 1H, aromatic), 7.13-7.00 (m, 2H, aromatic), 4.89 (s, 
15 2H, -NH 2 ), 2.61 (t, lH,17ar-H), 2.16 (s, 3H, 21-CH 3 ), 0.66 (s, 3H, 18-CH 3 ); MS 
(EI): m/z 371 (M + ). 



The following scheme illustrates the synthetic steps carried out in Examples 
4 through 9 to make the anti-estrogenic compounds (13), (15), (17), (19), (21) and 
20 (23): 



SUBSTITUTE SHEET (RULE 26) 



WO 99/33858 PCT/US98/27333 

-36- 




1) NaH 

2) ClS0 2 NH, 



H ? NO 2 S0 




11 



H a . Pd-C 




1) NaH 



2) CIS0 2 NH 2 



HjNOjSO 



R;M« 13 
R:Et is 
R;Pr 17 




R;M« 18 
R;El 20 
R:Pr 22 



R;Mo 19 
R;Et 21 
R;Pr 0 



Scheme 3 
Example 4 

20 Synthesis of U7f2Q)ZM9-Norpregna-l. 3.5(10). 17(20)- 

tetraene-3-C?-suIfaroate (13) 
(a) Synthesis of ll7(20)Z]-19-Norpregna-l,3,5(10)J7,(20)-tetraen-3-ol (12): 
To a suspension of ethyltriphenylphosphonium bromide (4.64 g, 12.5 mmol) 
in THF (40 mL) was added potassium ferr-butoxide (1.35 g, 12 mmol) and stirred 
25 for 30 min at room temperature. Estrone (11, 1.35 g, 5.0 mmol) was then added, 
and the mixture was then stirred for 24 h at room temperature. The reaction 
mixture was quenched with saturated aqueous NH 4 C1 at 0°C and extracted with 
EtOAc. The combined organic layers were washed with H 2 0, saturated aqueous 
NaCl, and then dried (Na 2 S0 4 ). The desiccant was filtered and the solvent was 
30 evaporated at reduced pressure. The residue was purified by column 
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chromatography (silica gel) using n-hexane:EtOAc (5:1-2:1, v/v) to afford 1.03 g 
of 12 (72% yield) mp: 138-139°C. 

'H NMR: 6 7.16 (d, 1H, aromatic), 6.68-6.50 (m, 2H, aromatic), 5.22-5.08 
(m, 1H, =CH-CH 3 ), 4.48 (s, 1H, -OH), 1.72-1.65 (m, 3H, =CH-CH 3 ), 0.91 (s, 
3H, 18-CH 3 ); MS (EI): mlz 282 (M + ). 

(b) Synthesis of [17(20)Z]-19-Norpregna-l, 3,5(10), 17(20)-tetraene-3-O- 
sulfamate (13): 

To a solution of chlorosulfonyl isocyanate (0.22 mL, 2.5 mmol) in CH^CK, 
(1.0 mL) was added formic acid (0.5 mL of a CH 2 C1 2 solution, 5.0 M, 2.5 mmol) 
at 0°C. The reaction mixture was warmed to room temperature and stirred for 1 h. 
To a solution of [17(20)Z]-19-norpregna-l, 3,5(10), 17(20)-tetraene-3-ol (12, 0. 141 

g, 0.50 mmol) in DMF (3.0 mL) was added sodium hydride (0.100 g of a mineral 
oil dispersion, 60%, 2.5 mmol) atO°C. The reaction mixture was stirred for 1 h, 
the chlorosulfonyl isocyanate in formic acid was added, and stirring continued for 2 

h. The reaction mixture was quenched with saturated aqueous NH 4 CI at 0°C, and 
extracted with EtOAc. The combined organic layers were washed with H-,0, 
saturated aqueous NaCl, and then dried (Na 2 S0 4 ). The desiccant was filtered and 
the solvent was evaporated at reduced pressure. The residue was purified by 
column chromatography (silica gel) using n-hexane:CHCI 3 :EtOAc (5:5:1-3:3: 1, 
v/v/v) to afford 0.181 g of 13 (100% yield) mp: 131-132°C. 

'H NMR: 8 7.31 (d, 1H, aromatic), 7.18-6.95 (m, 2H, aromatic), 5.25-5.10 
(m, 1H, =CH-CH 3 ), 4.96 (s, 2H, -NH 2 ), 1.69 (d, 3H, =CH-CH 3 ), 0.91 (s, 3H, 
18-CH 3 ); MS (DCI): mlz 379 (M + +NH 4 + ), 362 (M + +H). 

Example 5 
Synthesis of 1 17(2»Zl-Propvlideneestra- 
1 .3.5(10)-triene-3-O-snlfamate 
(a) Synthesis of [17(20)ZJ-Propylideneestra-l,3,5(l)-trien-3-ol (14): 
To sodium hydride (1.20 g of a mineral oil dispersion, 60%, 30 mmol) was 
added DMSO (100 mL) and the mixture stirred for 1 h at 75°C. Propyltriphenyl- 
phosphonium bromide (12.3 g, 32.0 mmol) was then added, and stirring continued 
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for 30 min at room temperature. Estrone (11, 2.70 g, 10 mmoJ) was added to the 
reaction mixture, and it was then stirred for 4 days at 80°C. The reaction mixture 
was quenched with saturated aqueous NH 4 C1 at 0°C and extracted with Et 2 0. The 
combined organic layers were washed with H 2 0, saturated aqueous NaCl, and then 
5 dried (Na 2 S0 4 ). The desiccant was filtered and the solvent was evaporated at 

reduced pressure. The residue was purified by column chromatography (silica gel) 
using n-hexane:EtOAc (10:1-1:1, v/v) to afford 1.30 g of 14 (44% yield) and 1.05 
g of the starting material 11 (39% yield) mp: 149-15 1°C. 

l H NMR: 8 7.15 (d, 1H, aromatic), 6.68-6.50 (m, 2H, aromatic), 
10 5.12-5.00 (nu 1H, =CH-CH 2 -), 4.57 (s, 1H, -OH), 0.96 (t, 3H, 23-CH 3 ), 0.90 (s, 
3H, 18-CH 3 ); MS (EI): m/z 296 (M + ). 

(b) Synthesis of [17(20)Z]-Propylideneestra- 1 ,3,5(10)-triene-3-O- 
sulfamate (15): 

Beginning with [17(20)Zl-propylideneestra-l,3,5(10)-trien-3-ol (14, 0.148 
15 g, 0.50 mmol), by using the procedure described in step (b) of Example 4 above, 
0.145 g of 15 (77% yield; mp: 120-121 °C) was obtained after chromatography 
(n-hexane:EtOAc 5: 1 -2: 1 , v/v). 

'H NMR: 8 7.31 (d, 1H, aromatic), 7.13-6.98 (m, 2H, aromatic), 5.12-5.00 
(m, 1H, =CH-CH 2 -), 4.94 (s, 2H, -NH 2 ), 0.96 (t, 3H, 23-CH 3 ), 0.90 (s, 3H, 
20 I8-CH3); MS (EI): m/z 375 (M + ). 

Example 6 
Preparation of [17r20^-19.21-Dinorchola- 

L3.5(IO)17(?OVtetraepe-3-0-sulfamate (17) 
25 (a) Synthesis of [17(20)Zl-19,21-Dinorchola-l ,3,5(10)17(20)- 

tetraen-3-ol (16): 

To a suspension of butyltriphenylphosphonium bromide (12.8 g, 32.0 mmol) 
in THF (100 mL) was added potassium rm-butoxide (3.37 g, 30 mmol) and stirred 
for 30 min at room temperature. Estrone (11, 2.70 g, 10 mmol) was added to the 
30 reaction mixture, and stirring continued for 5 days at 80°C. The reaction mixture 
was quenched with saturated aqueous NH 4 C1 at 0°C and extracted with EtOAc. 
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The combined organic layers were washed with H 2 0, saturated aqueous NaCl and 
then dried (Na 2 S0 4 ). The desiccant was filtered and the solvent was evaporated at 
reduced pressure. The residue was purified by column chromatography (silica gel) 
using n-hexane:EtOAc (10:1-2:1, v/v) to afford 2.45 g of 16 (79% yie.d) mp- 
85-86°C. 

«H NMR: 6 7.15 (d, IH, aromatic), 6.70-6.52 (m, 2H, aromatic) 
5.13-5.00 (m . , H , =CH-CH r ), 4.49 (s, IH, -OH), 0.91 (t, 3H, 24-CH 3 ), 0 90 (s 
3H, 18-CH 3 ); MS (EI): m/z 310 (M + ). 

(b) Synthesis of [n(20)Z]-19,21-Dinorchola-l,3,5(10)17(20)-tetraene-3-O- 

sulfamate (17): 

Beginning with [17(20)21-19,21- dinorchola-l,3,5(10)17(20)-tetraen-3-ol 
(16, 0. 176 g, 0.57 mmol), by using the procedure described in step (b) of Example 
4 above, 0. 173 g of 17 (78% yield; mp: 1 17-1 ,8°C) was obtained after 
chromatography (n-hexane: EtOAc 5:1-3:1, v/v). 

'H NMR: 8 7.30 (d, IH, aromatic), 7.15-6.97 (m, 2H, aromatic), 5.20-4 85 
(m, 3H, =CH-CH r , and -NH 2 ), 0.91 (t, 3H, 24-CH 3 ), 0.90 (s, 3H, 18-CH 3 )- MS 
(EI): m/z 389 (M + ). 



Example 7 

Preparation of 19-Nomrr.na-i ^ srin^ f r mtlllfamr fn 

(a) Synthesisofri7(20)ZM9-Nor P regna-l,3,5(10),17,(20)-tetraen-3-oK12): 
By using the procedure described in step (a) of Example 4 above, 12 was 

obtained from 11. 

(b) Synthesis of 19-Norpregna-l,3,5(10)-trien-3-O-ol (18): 

To a solution of [17(20)ZM9-norpregna-l, 3,5(10), 17(20)-tetraen-3-ol (12 
0.565 g, 2.00 mmol) in EtOAc (10 mL) was added 10% palladium on carbon 
(0.100 g). The reaction mixture was stirred for 2 h under a hydrogen atmosphere at 
room temperature. After the catalyst was filtered, the solvent was evaporated at 
reduced pressure. The residue was purified by column chromatography (silica gel) 
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using n-hexane:EtOAc (5:1, v/v) to afford 0.483 g of 18 (85% yield) mp: 
112-1 13°C. 

'H NMR: 6 7.15 (d, 1H, aromatic), 6.67-6.50 (m, 2H, aromatic), 0.90 (t, 
3H, 21-CH 3 ), 0.60 (s, 3H, I8-CH3); MS (EI): m/z 284 (M + ). 

(c) Synthesis of 19-Norpregna-l,3,5(10)-triene-3-O-sulfamate (19): 

Beginning with 19-norpregna-l,3,5(10)- trien-3-ol (18, 0.284 g, 1.00 
mmol), by using the procedure described in step (b) of Example 4 above, 0.279 g 
of 19 (77% yield; mp: 167-168°C) was obtained after chromatography 
(n-hexane:EtOAc 3:1-2:1, v/v). 

'H NMR: 6 7.31 (d, 1H, aromatic), 7.12-6.98 (m, 2H, aromatic), 4.90 (s, 
2H, -NH2), 0.90 (t, 3H, 21-CH 3 ), 0.61 (s, 3H, 18-CH 3 ); MS (DCI): m/z 381 
(M + +NH 4 + ); HRMS calcd. for C 20 H 28 NjO 3 S,, 362.1790; found, 362.1812. 

Example 8 

Preparation of 1 7Z?-Propvlestra- 1 3 5n0Vtriene- 3-O-sulfamate (211 

(a) Synthesis of [17(20)Z]-Propylideneestra-l,3,5(l)-trien-3-ol (14): 

By using the procedure described in step (a) of Example 5 above, 14 was 
obtained from 11. 

(b) Synthesis of 17/*-Propylestra-l,3,5(10)-trien- 3-ol (20): 
Beginning with [17(20)Zl-propylideneestra-l,3,5(10)-trien-3-ol (14, 0.371 

g, 1.25 mmol), by using the procedure described in step (b) of Example 7 above, 
0.311 g of 20 (83% yield; mp: 130-13TC) was obtained after chromatography 
(n-hexane:EtOAc 10:1-5:1, v/v). 

'H NMR: 5 7.15 (d, 1H, aromatic), 6.70-6.52 (m, 2H, aromatic), 4.49 (s, 
1H. -OH), 0.90 (t, 3H, 23-CH3), 0.60 (s, 3H, 18-CH 3 ); MS (EI): m/z 298 (M + ). 

(c) Synthesis of 17P-Propylestra-l,3,5(10)-triene-3-C>-sulfamate (21): 
Beginning with 17P-propylestra-l,3,5(10)-trien-3-ol (20, 0.149 g, 0.50 

mmol), by using the procedure described in step (b) of Example 4 above, 0. 184 g 
of 21 (97% yield; mp: 170-171 °C) was obtained after chromatography 
(n-hexane:EtOAc 5:1-2:1, v/v). 
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'H NMR: 6 7.31 (d, 1H, aromatic), 7.15-7.00 (m, 2H, aromatic), 4 89 (s 
2H, -NH 2 ), 0.91 (t, 3H, 23-CH 3 ), 0.61 (s, 3H, 18-CH 3 ); MS (EI): mfz 377 (M + ). 

Example Q 

Preparation of 19 2i-nin^ M n , , < m tri| |1| 

(a) Synthesis of fl 7(20)2]-! 9,21 -Dinorchola- l,3,5(10)17(20)-tetraen-3-oI 

(16): 

By using the procedure described in step (a) of Example 6 above, 16 was 
obtained from 11. 

(b) Synthesis of 19,21-Dinorchola-l,3,5(10)-trien-3-ol (22): 
Begmnmg with [17(20)Z]-19,21-dinor C hola-l ) 3,5(10)17(20)-tetraen-3-ol 

(16, 0.473 g, 1.52 mmol), 0.367 g of 22 (77% yield; m P : 97-98°C) was obtained 
after chromatography (n-hexane:EtOAc 10:1, v/v). 

*H NMR: 6 7.16 (d, 1H, aromatic), 6.70-6.50 (m, 2H, aromatic) 4 56 (s 
1H. -OH), 0.90 (t, 3H, 24-CH 3 ), 0.61 (s, 3H, ,8-CH 3 ); MS (EI): m/z 3l2 (M + ). ' 

(c) S y „the S is O fl9,21-Dinorchola-l,3,5(10)-trien e -3-O- S ulf ama te(23) 
Beginning with 19,2I-dinorchola-l,3,5(10)-trien-3-ol (22, 0. 177 g, 0 57 

mmoi), by using the procedure described in step (b) of Example 4 above mere was 
obtained 0. 198 g of 23 (89% y, eId ; mp: 144-,45»C) after chromatography 
(n-hexane:EtOAc 5:I°2:I, v/v). 

'H NMR: 5 7.3. (d, 1H, aromatic), 7. 13-6.97 (m, 2H, aromatic), 4 90 (s 2H 
-NH 2 ), 0.90 (t , 3H, 24-CH3), 0.61 (s, 3H, I8-CH3); MS (EI): m/z 391 (M*). 
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Example 10 
Preparation of 3-/erM3utyldimethvlsilvloxv- 
1 7g-ethenvlestra-l .3. 5( 1 OVtrien- 1 70-o\ (2$) 



5 




Scheme 4 



20 (a) Synthesis of 3wm-ButyldimethylsiIyloxy-17a-ethenylestra-l,3,5(10)- 

trien-17p-ol (25): 

To a solution of 17a-ethenylestradiol (24, 0.298 g, 1.0 mmol) in 
1,2-dichloroethane (5.0 mL) and THF (1.0 mL) were added triethylamine (0.35 mL, 
2.5 mmol) and ter/-butyldimethylchlorosilane (0.226 g t 1.5 mmol) and 

25 4-dimethylaminopyridine (0.006 g, 0.05 mmol) at room temperature. The reaction 
mixture was stirred for 2 days, diluted with EtOAc, washed with H 2 0, saturated 
aqueous NaCl, and then dried (Na 2 S0 4 ). The desiccant was filtered and the solvent 
was evaporated at reduced pressure. The residue was purified by column 
chromatography (silica gel) using n-hexane:EtOAc (5: 1 ^3: 1 , v/v) to afford 0.358 g of 

30 25 (87% yield) mp: 127-128°C 
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'HNMR:6 7.10(d, 1H, aro m atic), 6.67-6.52 (m, 2H, aromatic), 6., 2 (dd ,H, 
-CH=CH 2 ), 5.25-5 , 3 (m, 2H, -CH=CH 2 ), 0.97 (s, 9H, -C(CH 3 ) 3 ), 0.95 (s, 3H ' 
18-CH 3 ),0.,8(s,6H,-Si(CH 3 ) 2 ). 

(b) Synthesis of 3-^-But yl di m eth y lsiIyloxy- [ ,7(20)E]-propylide„eestra- 
I,3,5(10)-triene(26): 

To a solution of phosphorous tribrom.de (4.5 mL of a CH,CI, solution 1 0 
M, 4.5 mmol) in toluene (6.0 mL) was added a solution of 3-, e „-bun,ldi m eu, y l- 
s.lylox y -,7«-e,hen yl es„a-,.3.5 (I 0). W e„- I7/lol ( 25 , ,. 86 fc 4 . 5 mmol) ^ pyridine 
(0.40 mL, 5.0 mmol) in toluene (25 mL) at 0»C. The reaction mixture was stirred for 
2 h, nuenched with H 2 0 and extracted with EtOAc. The combined organic layers 
were washed with H 2 0, saturated aaueous NaCI. and then dried (Na,S0 4 ) The 
des,ccan. was filtered and the solvent was evaporated a, reduced pressure The 
restdue was dissolved in THF (20 mL) and added methylmagnes.umbromide (7 5 mL 
of a E, 2 C solution. 3 0 M. 22.5 mmo.) a, 0°C. The reaction mixture was stirred for 
19 h a, room temperature, quenched with H 2 C a. 0'C and extracted with EtOAc The 
combmed organic layers were washed with H 2 0, salted aaueous NaCI and then 
due. (Na 2 SC,). The residue was purified by column chromatography (silica gel) 

~ 8 "- heXane CHCI ' < 5: 1 - 3: *»> -° I 06 g of 26 (57% yield) mp 
59-60°C. 

'HNMR: 6 7 ,3 (d, ,H, aromauc), 6.66-6.5, ( m , 2H, aromatic), 5 08-4 95 
(». 1H. =CH-CH r) , 0.98 ( S) 9H, -C^), 0.93 (t, 3H, 23-CH 3 ), 0 78 (s 3H 
18-CH 3 ),0.J8(s,6H,-Si(CH 3 ) 2 ). ' * 

(c) Synthesis of [,7(20)E]-Pro Pyl ideneestr a - l,3,5(10)-trien-3-oI (27): 

To a solution of 3-/erM>utyldimethylsilyloxy-[ J 7(20)E]- 
propylideneestra-,,3,5(,0)-tW (26 , 082 , g, 2.0 mmo,) ,n THF (20 mL) was added 
tetrabuty,ammonium fluoride (2.4 mL of a THF solution, , .0 M, 2.4 mmo ,) at 0*C 
The reacts mixture was stirred for , h, diluted with EtOAc, washed with H,Q 
saturated aqueous Nad, and then dried (Na 2 S0 4 ). The desiccant was fdtered and the 
solvent was evaporated at reduced pressure. The residue was purified by column 
chromatography (silica ge,) using n-hexane: EtOAc (10:1-5:1. v/v) to afford 0 598 g 
of 27 (,00% yield) mp. ,05-, 06°C. 
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'H NMR: 5 7.17 (d, 1H, aromatic), 6.67-6.52 (m, 2H, aromatic), 5.06-4.95 
(m, 1H, =CH-CH 2 -), 4.53 (s, 1H, -OH), 0.95 (t, 3H, 23-CH 3 ), 0.78 (s, 3H, 18-CH 3 ); 
MS (EI): rn/z 296 (M + ). 

(d) Synthesis of [1 7(20)E]-Propylideneestra- 1,3,5(1 O)-triene-3-0-sulfamate 

5 (28); 

To a solution of chlorosulfonyl isocyanate (0.22 mL, 2.5 mmol) in CH 2 C1 2 
(1.0 mL) was added formic acid (0.5 mL of a CH 2 C1 2 solution, 5.0 M, 2.5 mmol) at 
0°C. The reaction mixture was warmed to room temperature and stirred for 1 h. To 
a solution of [17(20)E]- propylideneestra-l,3,5(10)-trien-3-ol (27, 0.148 g, 0.5 mmol) 

10 in DMF (3 .0 mL) was added sodium hydride (0. 100 g of a mineral oil dispersion, 
60%, 2.5 mmol) at 0°C. The reaction mixture was stirred for 1 h, and the 
chlorosulfonyl isocyanate in formic acid was added, and stirring continued for 1 h. 
The reaction mixture was quenched with saturated aqueous NH 4 C1 at 0°C, and 
extracted with EtOAc. The combined organic layers were washed with H 2 0, 

15 saturated aqueous NaCl, and then dried (Na 2 S0 4 ). The desiccant was filtered and the 
solvent was evaporated at reduced pressure. The residue was purified by column 
chromatography (silica gel) using n-hexane:EtOAc (5:1-3:1, v/v) to afford 0.177 g of 
28 (94% yield) mp: 149-1 51 °C. 

] H NMR: 5 7.33 (d, 1H, aromatic), 7.13-7.00 (m, 2H, aromatic), 5.08-4.95 

20 (m, 1H, =CH-CH 2 -), 4.89 (s, 2H, -NH 2 ), 0.96 (t, 3H, 23-CH 3 ), 0.79 (s, 3H, 18-CH 3 ); 
MS (El): m/z 375 (M^ 

The following scheme illustrates the synthetic steps carried out in Examples 
1 1 and 12 to make the anti-estrogenic compounds (32) and (34): 

25 
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Example 1 1 

Preparation of Ethvl 3-Sulfamovloxv-[17(20^Z)-19-norpregna- 
1 . 3 . 5n OV 1 7(20Vtetraen-2 1 -oate (3D • 

(a) Synthesis of 3-/er/-Butyldimethylsilyloxyestra- l,3,5(10)-trien-17-one 

5 (29): 

To a solution of estrone (11, 8.10 g, 30.0 mmol) in DMF (25 mL) were added 
imidazole (3.07 g, 45 mmol) and /er/-butyldimethyl-chlorosilane (5.42 g, 36 mmol) at 
room temperature. The reaction mixture was stirred for 1 8 h, and then quenched with 
HiO (100 mL). The precipitate was collected by filtration and washed with H 2 0 to 
10 afford 1 1 .4 g of 29 (99% yield) mp: 171-172°C. 

] H NMR: 6 7.12 (d, 1H, aromatic), 6.67-6.55 (m, 2H, aromatic), 0.98 (s, 9H, 
-C(CH 3 ) 3 ), 0.91 (s, 3H, 18-CH 3 ), 0.19 (s, 6H, -Si(CH 3 ) 2 ). 

(b) Synthesis of Ethyl-3-/er/-Butyldimethylsilyloxy-[ 1 7(20)Z]-1 9-norpregna- 
l,3,5(10),17(20)-tetraen-21-oate (30a) and Ethyl 3-fer/-Butyldimethylsilyloxy- 

15 [1 7(20)E]- 1 9-norpregna- 1,3,5(10),! 7(20)-tetraen-2 1 -oate (30b): 

To a solution of triethylphosphonoacetate (3 .17 mL, 16 mmol) in THF (40 
mL) was added potassium te/7-butoxide (1.68 g, 15 mmol) at room temperature. The 
reaction mixture was stirred for 30 min, and 3-/<?r/-butyldimethylsilyloxyestra- 
l,3,5(10)-trien-17-one (29, 1.92 g, 5.0 mmol) was added. The stirring continued for 

20 2 days at reflux condition. After the reaction mixture was cooled to room 

temperature, saturated aqueous NH 4 C1 was added and the mixture extracted with 
EtOAc. The combined organic layers were washed with H 2 0, saturated aqueous 
NaCl, and then dried (Na 2 S0 4 ). The desiccant was filtered and the solvent was 
evaporated at reduced pressure. The residue was purified by column chromatography 

25 (silica gel) using n-hexane:EtOAc (40:1-30:1, v/v) to afford 0.473 g of 30a (21% 
yield) mp: 148-149°C, and 1.26 g of 30b (55% yield) mp: 109-1 10°C. 

*H NMR (30a): 5 7.12 (d, 1H, aromatic), 6.65-6.50 (m, 2H, aromatic), 
5.70-5.63 (m, 1H, =CH-COOEt-), 4.23-4.05 (m, 2H, -COOCH 2 CH 3 ), 1.29 (t, 3H, 
-COOCH 2 CK 3 ), 1-04 (s, 3H, I8-CH3), 0.98 (s, 9H, -C(CH 3 ) 3 ), 0.18 (s, 6H, 

30 -Si(CH 3 ) 2 ). 
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'h NMR (30b)- 8 7 12 fd m »~ x . 
' ' -<»«X** * >« (q. 2H, -C00Ca 2 C Hj ), ,29 ft 3H . C0 0CH CH , 

■■3,5(10), , 7(201-^2 ,-oa,e (30,, 0.387 s, 0. 85 tnmol) in THF (10 mlT 
added tet^butylammonium fluoride ( '° mL) 

atOV Th. " wmL °fa THF solution, 1 0 M, 0.90 mmol) 

at 0 C. The reaction mixture was stirred for l h j i , a . 
I Hn™ .. 0rlhdlluledw ""EtOAc, washed with 

H,0, saturated aqueous Nad, and then dried (Na,SO > The H 
anHtk. i "l"a 2 w 4 >. rhe desiccam was filtered 

and the solvent was evaporated at reduced pressure The h 
column chromatography (si.ica g e0 usin, T 

0.279 g of ,1 . 1 * n - heXane El0Ac P= 1-5: 1, v/v) to afford 

S 01 -*' ( 97 % yield) mp: 144-145°c 

'H NMR: 5 7.15 (d, IH, aromatic) 6 67-6 52 ( m ™ 
(m IH =CH ronPA „ „ ( ' aromat, <* 5.72-5.66 

IH, CH-COOEt), 4.23-4.08 (m, 2H , -COOCH,CH 3 ) , 29 (t 3H 

-COOCH 2 CH,) 1 04 ( S 3H 18 ru ^ wo " ' 

2 _3A i.w (s, 3H, 18-CH 3 ); MS (EI): m/z 340 (M + ) 

(d) ^^esisofEthyn-SUfamo^oxy-n^^-norpregna- 
1.3,5(10)J7(20)-tetraen-21-oate(32): 

To a solution of ch.orosulfony, i socyanate (0 22 mL 2 5 mm<j 

(10 m L)wasaddedfonnicacid(05 m L O faCHn . 2 2 

n°r tk 2C ' 2 soIutI °n> 5.0 M> 2.5 mmol) at 

0 C The reaction mixture was warmed t« 

a , c eWaswarmedt °room temperature and stirred for lh To 

asoluuonofethyl3-hydrox y -fl7f20^1 10 

21-oate(3, 0 170 n\ ^-^-"^"-^^(lOXl^OHetraen- 
oate (31, 0. 170 g, 0.5 mmol) in DMF (3.0 mL) and THF n n n 

sodium hydride rt) ion a f mL > and ™ 0 n mL) was added 

h * d " de < 0 '°° g ofamm^^ ^ 

reaction mixture was stirred for i u ^ , 

« ^ , ' .senate in formic acid 

- added, and s„ m „ 8 continued for 2 h. The reaction mixture was ouenched with 
saturated aqueous NR.C1 at 0 °r ^ quencned with 

»^n 4 ciato C, and extracted with EtO Ac Th*™ u- 
layers were washed with H,0 sam™. „ ° rganic 
with H 2 0, saturated aqueous NaCI, and then dried (Na,SO ) 

(3. 1 ^2. 1, v/v) to afford 0.1 74 e of 32 mo/ ■ ... C 

8 or a < 83% yield) mp: 154-155°C. 
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] H NMR: 6 7.31 (d, 1H, aromatic), 7.15-7.00 (m, 2H, aromatic), 5.69 (s, 1H, 
=CH-COOEt), 4.93 (s, 1H, -NH 2 ), 4.15 (q, 2H, -COOCH 2 CH 3 ), 1.29 (t, 3H, 
-COOCH 2 CH 3 ), 1.04 (s, 3H, 18-CH 3 ); MS (EI): mJz 419 (W). 

Example 12 

Preparation nf Ethvl 3-Su 1famovloxv-ri7(20'>El-19- 
norpregna-U.SnO^ 20-tetra en-21-oate (34) 

(a) Synthesis of Ethyl 3-/er/-Butyldimethyl-silyloxy-[17(20)E]-19- 
norpregna- 1 ,3,5(10), 1 7(20)-tetraen-2 1 -oate (30b). 

The procedure described in steps (a) and (b) of Example 1 1 above was used to 
obtain 30b from 11. 

(b) Synthesis of Ethyl 3-Hydroxy-[17(20)E]-19-norpregna-l,3,5(10),17(20)- 

tetraen-21-oate(33): 

By using the procedure described in step (c) of Example 1 1 above, beginning 
with ethyl 3-/e/-/-butyldimethylsilyloxy-(17(20)E]-19-norpregna-l,3 > 5(10),17(20)- 
tetraen-21-oate (30b, 1.00 g, 2.2 mmol), there was obtained 0.727 g of 33 (97% 
yield; mp: 153-1 54°C) after chromatography (n-hexane:EtOAc 5:1-3:1, v/v). 

*H NMR: 6 7.15 (d, 1H, aromatic), 6.68-6.53 (m, 2H, aromatic), 5.59 (s, 1H, 
=CH-COOEt-), 4.77-4.65 (m, 1H, -OH), 4.17 (q, 2H, -COOCH 2 CH 3 ), 1.29 (t, 3H, 
-COOCH 2 CH 3 ), 0.86 (s, 3H, 18-CH 3 ); MS (El): m/z 340 (M*). 

(c) Synthesis of Ethyl 3-Sulfamoyloxy-[17(20)E]-19-norpregna- 
1,3,5(1 0), 1 7(20)-tetraen-2 1 -oate (34): 

By the procedure described in step (d) of Example 1 1 above, there was 
obtained from ethyl 3-hydroxy- [ 1 7(20)E]- 1 9-norpregna- 1,3,5(1 0), 1 7(20)- 
tetraen-21-oate (33, 0.102 g, 0.3 mmol) after chromatography (n-hexane:EtOAc 
5: 1-3:1, v/v), 0.097 g of 34 (77% yield) mp: 174-175°C. 

*H NMR: 6 7.32 (d, 1H, aromatic), 7.13-7.00 (m, 2H, aromatic), 5.62-5.57 
(m, 1H, =CH-COOEt), 4.89 (s, 1H, -NH 2 ), 4.16 (q, 2H, -COOCH 2 CH 3 ), 1.29 (t, 3H, 
-COOCH 2 CH 3 ), 0.87 (s, 3H, 18-CH 3 ); MS (EI): m/z 419 (M + ). 
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15 



25 



30 



and 



(a) Synthesis of 20-Cyano-3-hvdmw 10 

yanu j nyaroxy-19-norpregna-I 3 5(]o\ \mn\ 
tetraene-21-nitriJe(35): S a 1,3,5(10), 17(20). 

To a suspension of estrone (II, 1 35 g 5 o mmn h • u 
( ° 535 * " - — foM9 „ a, reflux JL^l 

UNa 2 5U 4) The desiccant was fllrprpH *u 
reduced pressure The r~'„ S0 ' Ve "' "I"" « 

vieHl ^ Wkh E *>° '° <"f°«< ' •« g of 35 (92-/ 

yield) mp: >250°C * 

To a solution of ch,orosu,f„„ yl isocyanale (0 22 

(lOmDwasaddedformicacidCOSmLofaCHr, , mo, '" ,CH 2CI 2 

1 mLo f=CH 2 CI 2 solut,on,5.0M,2.5mmol)aI 
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0°C. The reaction mixture was warmed to room temperature and stirred for 1 h. To 
a solution of 20-cyano-3 -hydroxy- 1 9-norpregna- 1,3,5(1 0), 1 7(20)-tetraene-2 1 - 
nitrile (35, 0.159 g, 0.5 mmol) in DMF (3.0 mL) was added sodium hydride(0.100 g 
of a mineral oil dispersion, 60%, 2.5 mmol) at 0°C. The reaction mixture was stirred 
for 1 h, and the chlorosulfonyl isocyanate in formic acid was added, and stirring 
continued for 1 h. The reaction mixture was quenched with saturated aqueous NH 4 C1 
at 0°C, and extracted with EtOAc. The combined organic layers were washed with 
H 2 0, saturated aqueous NaCl, and then dried (Na 2 S0 4 ). The desiccant was filtered 
and the solvent was evaporated at reduced pressure. The residue was purified by 
column chromatography (silica gel) using n-hexane:acetone (3:1-3:2, v/v) to afford 
0.152 g of 36 (77% yield) mp: 183-1 84°C 

! H NMR: 5 7.31 (d, 1H, aromatic), 7.20-7.00 (m, 2H, aromatic), 4.93 (s, 1H, 
-NH 2 ), 1.08 (s, 3H, 18-CH 3 ); MS (El): m/z 397 (M + ). 

Example 14 

Preparation of 2 1 4T-N. MDimethvlaminoethoxvVr 1 1( 20)E]- 1 9-nororegna- 
1 3 5H 0V 1 8(20Vtetra en e -3-O-sulfamate (39) 
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(a) Synthesis of 1 7a-Ethenylestra- 1,3,5(1 0)-trien-3, 1 7P-diol 3-0-acetate 

(37): 

To a solution of 17a-ethenylestradiol (24, 0.895 g, 3.0 mmol) in CH 2 C1 2 
(7.0 mL) and THF (3.0 mL) were added triethylamine (0.95 mL, 6.7 mmol) and 
acetic anhydride (0.4 mL, 4.0 mmol) at room temperature. The reaction mixture was 
stirred for 20 h, diluted with EtOAc, washed with H 2 0, saturated aqueous NaCl, and 
then dried (Na 2 S0 4 ). The desiccant was filtered and the solvent was evaporated at 
reduced pressure. The residue was purified by column chromatography (silica gel) 
using n-hexane:EtOAc (3:1-2:1, v/v) to afford 1.02 g of 37 (100% yield) mp: 
127-I28°C. 

*H NMR: 8 7.26 (d, 1H, aromatic), 6.88-6.77 (m, 2H, aromatic), 6.10 (dd, 
1H, -CH=CH 2 ), 5.25-5.10 (m, 2H, -CH=CH 2 ), 2.27 (s, 3H, -OCOCH 3 ), 0.94 (s, 3H, 
18-CH 3 ). 

(b) Synthesis of 2 1 -(2'-iV,A^-Dimethy laminoethoxy)-[ 1 7(20)E]- 1 9- 
norpregna- 1,3,5(1 0), 1 7(20)-tetraen-3-oI (38): 

To a solution of phosphorous tribromide (3 .2 mL of a CH 2 C1? solution, 1.0 
M, 3.2 mmol) in toluene (4.0 mL) was added a solution of 1 7a-ethenylestra- 
l,3,5(10)-trien-3,17/?-diol 3-0-acetate (37, 1.09 g, 3.2 mmol) and pyridine (0.3 mL, 
3.7 mmol) in toluene (20 mL) at 0°C. The reaction mixture was stirred for 2 h, and 
quenched with saturated aqueous NH 4 CI at 0°C and extracted with EtOAc. The 
combined organic layers were washed with H 2 0, saturated aqueous NaCI, and then 
dried (Na 2 S0 4 ). The desiccant was filtered and the solvent was evaporated at 
reduced pressure. The residue was dissolved in THF (20 mL) and added to a mixture 
of A^A^-dimethylethanoIamine (3.0 mL, 30 mmol) and sodium hydride (1.00 g of a 
mineral oil dispersion, 60%, 25 mmol) in THF (20 mL) at 0°C. The reaction mixture 
was stirred for 2 h, and quenched with saturated aqueous NaHC0 3 at 0°C and 
extracted with EtOAc. The combined organic layers were washed with H>0, 
saturated aqueous NaCl, and then dried (Na 2 S0 4 ). The desiccant was filtered and the 
solvent was evaporated at reduced pressure. The residue was purified by column 
chromatography (silica gel) using CHCl 3 :MeOH (10:1-7:1, v/v) to afford 0.309 g of 
38 (26% yield) mp: 116-1 17°C. 
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l H NMR: 6 7.12 (d, 1H, aromatic), 6.63-6.48 (m, 2H, aromatic), 5.25-5.14 
(m, 1H, =CH-CH 2 0-), 3.98 (d, 2H, =CH-CH 2 0-), 3.65-3.45 (m, 2H, -OCH 2 CH 2 N-), 
2.61 (t, 2H, -OCH 2 CH 2 N-), 2.34 (s, 6H, -N(CH 3 ) 2 ), 0.76 (s, 3H, 18-CH 3 ); MS (DC1): 
m/z 370 (M*H). 

(c) Synthesis of 21-(2'-^-Dimethylammoethoxy)- [17(20)E]-19- 
norpregna-1, 3,5(10), 17(20)-tetraene- 3-O-sulfamate (39): 

To a solution of chlorosulfonyl isocyanate (0.14 mL, 1.5 mmol) in CH 2 CI 2 
(0.6 mL) was added formic acid (0.3 mL of a CH 2 C1 2 solution, 5.0 M, 1.5 mmol) at 
0°C. The reaction mixture was warmed to room temperature and stirred for 1 h. To 
a solution of 21-(2'-A^ v /V-dimethylaminoethoxy)-[17(20)E]-19-norpregna- 
l,3,5(10),17(20)-tetraen-3-ol (38, 0. 1 1 1 g, 0.3 mmol) in DMF (2.0 mL) was added 
sodium hydride (0.060 g of a mineral oil dispersion, 60%, 1 .5 mmol) at 0°C. The 
reaction mixture was stirred for 1 h, and the chlorosulfonyl isocyanate in formic acid 
was added, and stirring continued for 2 h. The reaction mixture was quenched with 
saturated aqueous NaHC0 3 at 0°C, and extracted with EtOAc. The combined 
organic layers were washed with H 2 0, saturated aqueous NaCl, and then dried 
(Na 2 S0 4 ). The desiccant was filtered and the solvent was evaporated at reduced 
pressure. The residue was purified by column chromatography (silica gel) using 
CHCl 3 :MeOH (10:1-5:1, v/v) to afford 0.121 g of 39 (90% yield) mp: 147-148°C. 

*H NMR: 6 7.30 (d, 1H, aromatic), 7.13-7.00 (m, 2H, aromatic), 5.30-5.18 
(m, 1H, =CH-CH 2 0-), 4.05-3.90 (m, 2H, =CH-CH 2 0-), 3.53 (t, 2H, -OCH 2 CH 2 N-), 
2.55 (t, 2H, -OCH 2 CH 2 N-), 2.30 (s, 6H, -N(CH 3 ) 2 ), 0.78 (s, 3H, 18-CH 3 ); MS (DCI): 
m/2 449(M*+H). 
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The following scheme illustrates the synthetic steps carried out in Examples 
15 and 16 to make the estrone sulfatase inhibitory compounds (44) and (47): 




Scheme 8 
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Example 15 

Preparation of 1 2'-AT A^Dimethylaminoethoxy>estra- 
13.5n0Vtriene-3-O-sulfamate (44^ 

(a) Synthesis of 3-Benzyloxyestra-l,3,5(10)-trien-17-one (40); 

To a solution of estrone (11, 2.70 g, 10 mmol) in DMF (40 mL) were added 
potassium carbonate (2.76 g, 20 mmol) and benzyl bromide (1 .8 mL, 15 mmol) at 
room temperature. The reaction mixture was stirred for 26 h, then quenched with 
H 2 0, and extracted with EtOAc. The combined organic layers were washed with 
H 2 0, saturated aqueous NaCl, and then dried (Na 2 S0 4 ) The desiccant was filtered 
and the solvent was evaporated at reduced pressure. The residue was washed with 
Et 2 0 to afford 2.91 g of 40 (81% yield) mp: 126-127°C. 

] H NMR: 6 7.65-7.10 (m, 6H, aromatic), 6.90-6.65 (m, 2H, aromatic), 5.04 
(s, 2H, -OCH 2 Ph), 0.91 (s, 3H, 18-CH 3 ); MS (EI): m/z 360 (NT). 

(b) Synthesis of 3-Benzyloxyestra-l,3,5(10)-trien-17/?ol (41): 

To a solution of 3-benzyloxyestra-l,3,5(10)-trien-17-one (40, 2.70 g, 7.5 
mmol) in THF (5.0 mL) and MeOH (30 mL) was added sodium borohydride (284 
mg, 7.5 mmol) at 0°C. The reaction mixture was stirred for 30 min, then quenched 
with saturated aqueous NH 4 C1, and H 2 0 added. The precipitate was collected by 
filtration and washed with H 2 0 to afford 2.73 g of 41 (100% yield) mp: 118-1 19°C. 

*H NMR: 6 7.50-7.15 (m, 6H, aromatic), 6.83-6.67 (m, 2H, aromatic), 5.03 
(s, 2H, -OCH 2 Ph), 3.80-3.65 (m, 2H, 17a-H, -OH), 0.78 (s, 3H, 18-CH 3 ); MS (EI): 
m/z 362 (M + ). 

(c) Synthesis of 3-Ben2yloxy-17^(2 l -^,^-dimethyl-aminoethoxy)estra- 
l,3,5(10)-triene(42): 

To a solution of 3-benzyloxyestra-l,3,5(10)-trien-17/k>l (41, 1.81 g, 5.0 
mmol) in DMF (40 mL) was added sodium hydride (3 .00 g of a mineral oil 
dispersion, 60%, 75 mmol) at 0°C, and stirred for 30 min, then added 
2-Af A^dimethylaminoethylchloride hydrochloride (2.16 g, 15 mmol) and 
tetrabutylammonium iodide (0.185 g, 0.50 mmol) and stirred for 3 h at 100°C. After 
the reaction mixture was cooled to room temperature, saturated aqueous NaHC0 3 
was added and the mixture extracted with EtOAc. The combined organic layers were 
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washed with H 2 0, saturated aqueous NaCl, and then dried (Na 2 S0 4 ). The desiccant 
was filtered and the solvent was evaporated at reduced pressure. The residue was 
purified by column chromatography (silica gel) using CHCl 3 :MeOH (30:1-10:1, v/v) 
to afford 1.82 g of 42 (84% yield) mp: 153-155°C. 
5 'h NMR: 6 7.50-7.15 (m, 6H, aromatic), 6.85-6.67 (m, 2H, aromatic), 5.03 

(s, 2H, -OCH 2 Ph), 4.03-3.85 (m, 2H, 17/?-OCH 2 -), 3.44 (t, 1H, 17*-H), 2.89 (s, 6H, 
-N(CH 3 ) 2 ), 0.77 (s, 3H, 18-CH 3 ). 

(d) Synthesis of 17/?-(2'-A/;A^-Dimethylamino-ethoxy)estra-l,3,5(10>- 
trien-3-ol (43): 

10 To a solution of 3-benzyloxy- 1 7/?-(2'-//^v'-dimethylaminoethoxy) 

estra-I,3,5(10)-triene (42, 1 .73 g, 4.0 mmol) in MeOH (20 mL) was added 10% 
palladium on carbon (0.500 g). The reaction mixture was stirred for 2 h under a 
hydrogen atmosphere at room temperature. After the catalyst was filtered, the solvent 
was evaporated at reduced pressure. The residue was purified by column 

15 chromatography (silica gel) using CHCl 3 :MeOH (10:1-3:1, v/v) to afford 1.27gof 
43 (92% yield) mp: 191-192°C. 

'h NMR: 6 7.13 (d, 1H, aromatic), 6.68-6.48 (m, 2H, aromatic), 3.73-3.48 
(m, 2H, 17/?-OCH 2 -), 3.37 (t, 1H, 17«r-H), 2.33 (s, 6H, -N(CH 3 ) 2 ), 0.74 (s, 3H, 
18-CH 3 ); MS (DCI): m/z 344 (M*+H). 

20 (e) Synthesis of 17 y 3-(2 , -//,A/-Dimethylaminoethoxy)estra-l,3,5(10)- 

triene-3-O-sulfamate (44): 

To a solution of chlorosulfonyl isocyanate (0.22 mL, 2.5 mmol) in CH 2 Cl 2 
(1.0 mL) was added formic acid (0.5 mL of a CH 2 C1 2 solution, 5.0 M, 2.5 mmol) at 
0°C. The reaction mixture was warmed to room temperature and stirred for 1 h. To 

25 a solution of 17/^2'-iV'Jv'-dimethylaminoethoxy)estra-l,3,5(10)-trien-3-ol (43, 0. 172 
g, 0.5 mmol) in DMF (3.0 mL) and THF (1 .0 mL) was added sodium hydride (0. 100 
g of a mineral oil dispersion, 60%, 2.5 mmol) at 0°C. The reaction mixture was 
stirred for 1 h, and the chlorosulfonyl isocyanate in formic acid was added, and 
stirring continued for 2 h. The reaction mixture was quenched with saturated aqueous 

30 NaHC0 3 at 0°C, and extracted with EtOAc. The combined organic layers were 

washed with H 2 0, saturated aqueous NaCl, and then dried (Na 2 S0 4 ). The desiccant 
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was filtered and the solvent was evaporated at reduced pressure. The residue was 
purified by column chromatography (silica gel) using CHCl 3 :MeOH (10:1 °5:1, v/v) 
to afford 0.180 g of 44 (85% yield) mp: 142-143°C. 

l H NMR: 5 7.28 (d, 1H, aromatic), 7.13-7.00 (m, 2H, aromatic), 3.90-3.45 
(m, 4H, 17/?-OCH 2 -, -NH 2 ), 3.37 (t, 1H, 17<r-H), 2.34 (s, 6H, -N(CH 3 ) 2 ), 0.73 (s, 3H, 
18-CH 3 ); MS (DCI): m/z423 (M + +H). 

Example 16 

Preparation of 17/W'-MAlDimethylaminopropoxy^estra- 
L3.5f 1 OVtriene-3-O-sulfamate ( 47^ 

(a) Synthesis of 3-Benzyloxyestra- 1,3,5(1 0)-trien-17/?-ol (41): 

The procedure described in steps (a) and (b) of Example 15 above was used to 
obtain 41 . 

(b) Synthesis of 3-Benzyloxy-l 7(3-A r ,N-dimethyIaminopropoxy)estra- 
l,3,5(10)-triene(45): 

To a solution of 3-benzyloxyestra-l,3,5(10)-trien-17/Jk>l (41, 1.27 g, 3.5 
mmol) in DMF (30 mL) were added sodium hydride (2.10 g of a mineral oil 
dispersion, 60%, 52.5 mmol) at 0°C, and stirred for 30 min. Next was added 
3-N^-dimethylaminopropylchloride hydrochloride (1.66 g, 10.5 mmol) and 
tetrabutylammonium iodide (0.129 g, 0.35 mmol) and stirred for 19 h at 100°C. After 
the reaction mixture was cooled to room temperature, saturated aqueous NaHC0 3 
was added and the mixture extracted with EtOAc. The combined organic layers were 
washed with H 2 0, saturated aqueous NaCl, and then dried (Na 2 S0 4 ). The desiccant 
was filtered and the solvent was evaporated at reduced pressure. The residue was 
purified by column chromatography (silica gel) using CHCl 3 :MeOH (20:1-* 10:1, v/v) 
to afford 1.57 g of 45 (100% yield) mp: 190-192°C. 

*H NMR: 6 7.50-7.15 (m, 6H, aromatic), 6.83-6.67 (m, 2H, aromatic), 5.03 
(s, 2H, -OCH 2 Ph), 3.60-3.43 (m, 2H, 17/?-OCH 2 -), 3.37 (t, 1H, 17<r-H), 2.28 (s, 6H, 
-N(CH 3 ) 2 ), 0.78 (s, 3H, I8-CH3). 

(c) Synthesis of 17/?-(3 , -A^^V-Dimethylaminopropoxy)estra-l,3,5(10)- 
trien-3-ol (46): 
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By the procedure described in step (d) of Example 15 above, there was 
obtained from 3-benzyloxy- 1 7/?-(3'-iV;A^dimethylaminopropoxy)estra- 1 ,3,5( 1 0> 
triene (45, 1.57 g, 3.50 mmol) after washing with Et 2 0, 0.992 g of 46 (79% yield) 
mp: >250°C. 

'H NMR (CDCl 3 -DMSO-rf 6 ): 6 8.20 (s, 1H, -OH), 6.91 (d; 1H, aromatic), 
6.50-6.33 (m, 2H, aromatic), 3.47-3.30 (m, 2H, 17/*-OCH r ), 3.18 (t, 1H, \la-K), 
2.64, 2.63 (s and s, each 3H, -N(CH 3 ) 2 ), 0.55 (s, 3H, 18-CH 3 ); MS (DCI): m/z 358 

(ivr+H). 

(d) Synthesis of 1 7P-(3'-A/lAM}imethylaminopropoxy)estra- 1,3,5(1 0)-triene- 
3-O-sulfamate (47): 

By the procedure described in step (e) of Example 1 5 above, there was 
obtained from 17P-(3'-^;^-dimethylaminopropoxy)estra-l,3,5(10)-trien-3-ol (46, 
0.179 g, 0.50 mmol) after chromatography (CHCl 3 :MeOH 10:1-5:1, v/v), 0.161 g of 
47 (74% yield) mp: 122-123 °C. 

] H NMR (CDCla-DMSO-tffe): d 7.28 (d, 1H, aromatic), 7.1 1-7.00 (m, 2H, 
aromatic), 3.62-3.45 (m, 2H, 17/?-OCH,-), 3.38 (t, 1H, lla-H), 2.41 (s, 6H, 
-N(CH 3 ) 2 ), 0.77 (s, 3H, 18-CH 3 ); MS (DCI): m/z 437 (M*+H). 
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The following scheme illustrates the synthetic steps carried out in Examples 
1 7 and 1 8 to make the estrone sulfatase inhibitory compounds (52) and (55): 



o 




52 
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Example 17 

Preparation of nrT./grt-BiitvlHim ethvlsilvlnYVPstn,. 
IJ.SflOVtriene-l-O-^nlfamatP fST| 

(a) Synthesis of 3-Benzyloxyestra- 1,3,5(1 0)-trien-17P-ol (41): 
The procedure described in steps (a) and (b) of Example 1 5 above was used to 

obtain 41 from 11. 

(b) Synthesis of 3-Benzyloxyestra- l,3,5(10)-trien-17a-ol 17a-0-p- 
nitrobenzoate (48): 

To a suspension of triphenylphosphine (6.29 g, 24 mmol) and diethyl 
azodicarboxylate (4. 1 8 g 24 mmol) in toluene (40 mL) was added a solution of 
3-benzyloxyestra-l,3,5(10)-trien-17 y ff-oI (41, 4.35 g, 12.0 mmol) in toluene (40 mL) 
at room temperature, and stirred for 2 h at 80°C. After the reaction mixture was 
cooled to room temperature, H 2 0 was added and the mixture extracted with EtOAc. 
The combined organic layers were washed with H 2 0, saturated aqueous NaCl, and 
1 5 then dried (Na 2 S0 4 ). The desiccant was filtered and the solvent was evaporated at 
reduced pressure. The residue was purified by column chromatography (silica gel) 
using n-hexane:EtOAc (10: 1 -7: 1, v/v) to afford 5.82 g of 48 (95% yield) mp: 
135-136°C. 

'H NMR: 6 8.37-8.18 (m, 4H, aromatic), 7.52-7.30 (m, 5H, aromatic), 7.19 
20 (d, 1H, aromatic), 6.85-6.68 (m, 2H, aromatic), 5. 1 5 (d, 1H, 1 70-H), 5.03 (s, 2H, 
-OCH,Ph), 0.88 (s, 3H, 18-CH 3 ). 

(c) Synthesis of 3-Benzyloxyestra-l,3,5(10)-trien-17ar-ol (49): 
To a solution of 3-benzyloxyestra- 1,3,5(1 0)-trien-17a , -ol 

17or-0-p-nitrobenzoate (48, 6. 14 g, 12 mmol) in THF (40 mL) and MeOH (40 mL) 
25 was added potassium carbonate ( 1 .66 g, 1 2 mmol) and stirred for 2 h at room 
temperature. The reaction mixture was quenched with H 2 0, and extracted with 
EtOAc. The combined organic layers were washed with H 2 0, saturated aqueous 
NaCl, and then dried (Na 2 S0 4 ). The desiccant was filtered and the solvent was 
evaporated at reduced pressure. The residue was purified by column chromatography 
30 (silica gel) using n-hexane:EtOAc (5: 1 -3: 1, v/v) to afford 4.10 g of 49 (94% yield) 
mp: 85-86°C. 
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! H NMR: 6 7.55-7.30 (m, 5H, aromatic), 7.22 (d, 1H, aromatic), 6.85-6.67 
(m, 2H, aromatic), 5.03 (s, 2H, -OCH 2 Ph), 3.81 (d, 1H, 1 7/?-H), 0.70 (s, 3H, 
18-CH 3 ). 

(d) Synthesis of 3-BenzyIoxy-17a-/gr/-butyldimethylsilyloxyestra- 
5 l,3,5(10>triene(50): 

To a solution of 3-benzyloxyestra-l,3,5(10)-trien-17ar-ol (49, 1.45 g, 4.0 
mmol) in DMF (5.0 mL) were added imidazole (0.408 g, 6.0 mmol) and 
ter/-butyldimethylchlorosilane (0.784 g, 5.2 mmol) at room temperature. The 
reaction mixture was stirred for 2 h, and quenched with saturated aqueous NaHC0 3 at 
10 0°C, and extracted with EtOAc. The combined organic layers were washed with 
H 2 0, saturated aqueous NaCl, and then dried (Na 2 S0 4 ). The desiccant was filtered 
and the solvent was evaporated at reduced pressure. The residue was purified by 
column chromatography (silica gel) using n-hexane:CHCl 3 :EtOAc (50:50:1-20:20.1, 
v/v) to afford 1.91 g of 50 (100% yield). 
15 *H NMR: 6 7.53-7.25 (m, 5H, aromatic), 7.22 (d, 1H, aromatic), 6.85-6.68 

(m, 2H, aromatic), 5.03 (s, 2H, -OCH 2 Ph), 3.72 (d, 1H, 17/Z-H), 0.90 (s, 9H, 
-C(CH 3 ) 3 ), 0.66 (s, 3H, 1 8-CH 3 ), 0.04 (s, 6H, -Si(CH 3 ) 2 ). 

(e) Synthesis of 17a-/er/-butyldimethylsilyloxyestra-l,3,5(10)-trien-3-ol (51): 
To a solution of 3-benzyloxy-17a-/ert-butyldimethylsilyloxyestra- 
20 l,3,5(10)-triene (50, 1 .90 g, 4.0 mmol) in THF (30 mL) was added 10% palladium on 
carbon (0.500 g). The reaction mixture was stirred for 2 h under a hydrogen 
atmosphere at room temperature. After the catalyst was filtered, the solvent was 
evaporated at reduced pressure. The residue was purified by column chromatography 
(silica gel) using n-hexane:EtOAc (10:1-5:1, v/v) to afford 1.45 g of 51 (94% yield) 
25 mp: 161-162°C. 

! HNMR: 6 7.16 (d, 1H, aromatic), 6.67-6.48 (m, 2H, aromatic), 4.53 (s, 1H, 
-OH), 3.71 (d, 1H, 17p-H), 0.90 (s, 9H, -C(CH 3 ) 3 ), 0.66 (s, 3H, 18-CH 3 ), 0.04 (s, 
6H, -Si(CH 3 ) 2 ); MS (EI): m/z 386 (M + ). 

(0 Synthesis of 1 7a-/e/7-Buty Idimethylsilyloxyestra- 1,3,5(1 0)-triene- 
30 3-O-sulfamate (52): 
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To a solution of chlorosulfonyl isocyanate (0.22 mL, 2.5 mmol) in CH 2 C1 2 
(1.0 mL) was added formic acid (0.5 mL of a CH 2 C1 2 solution, 5.0 M, 2.5 mmol) at 
0°C. The reaction mixture was warmed to room temperature and stirred for 1 h. To 
a solution of 17a-/er/-butyldimethylsilyloxyestra-l,3,5(10)-trien-3-ol (51, 0. 193 g, 

5 0.5 mmol) in DMF (3.0 mL) and THF (1 .0 mL) was added sodium hydride (0. 100 g 
of a mineral oil dispersion, 60%, 2.5 mmol) at 0°C. The reaction mixture was stirred 
for 1 h, and the chlorosulfonyl isocyanate in formic acid was added, and stirring 
continued for 2 h. The reaction mixture was quenched with saturated aqueous NH 4 C1 
at 0°C, and extracted with EtOAc. The combined organic layers were washed with 

1 0 H 2 0, saturated aqueous NaCl, and then dried (Na 2 S0 4 ). The desiccant was filtered 
and the solvent was evaporated at reduced pressure. The residue was purified by 
column chromatography (silica gel) using n-hexane:EtOAc (5:1-3:1, v/v) to afford 
0.216 gof 52 (93% yield) mp: 150-151 °C. 

] H NMR: 6 7.33 (d, 1H, aromatic), 7.13-6.98 (m, 2H, aromatic), 4.87 (s, 2H, 

15 -NH 2 ), 3.72 (d, 1H, 17P-H), 0.90 (s, 9H, -C(CH 3 ) 3 ), 0.66 (s, 3H, 18-CH 3 ), 0.04 (s, 
6H, -Si(CH 3 ) 2 ); MS (EI): m/z 465 (NT). 

Example 18 

Preparation of Ma-iT-N A ^imethvlaminoethoxvWra- 
20 1.3.5(1 OWrien e-3-O-sulfamate 

(a) Synthesis of 3-Benzyloxyestra- 1 ,3,5( 1 0)-trien- 1 7a-ol 1 7a-0-p- 
nitrobenzoate (48): 

The procedure described in steps (a) and (b) of Example 15 above was used to 
obtain 41 from 11. 

25 (b) Synthesis of 3-Benzyloxyestra- 1 ,3,5( 1 0)-trien- 1 7a-ol (49): 

The procedure described in steps (b) and (c) of Example 17 above was used to 
obtain 49 from 41. 

(c) Synthesis of 3-Benzyloxy- 1 7a-(2'-MA^-dimethylaminoethoxy)estra- 
1, 3,5(1 0)-triene (53): 

30 To a solution of 3-benzyloxyestra- 1 ,3,5(1 0)-trien-l 7a-ol (49, 1 .45 g, 4.0 

mmol) in DMF (30 mL) were added sodium hydride (2.40 g of a mineral oil 
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dispersion, 60%, 60 mmol) at 0°C, and stirred for 30 min, added 2-iV,tf-dimethyl- 
aminoethylchloride hydrochloride (1.73 g, 12 mmol) and tetrabutylammonium iodide 
(0.148 g, 0.40 mmol) and stirred for 2 h at 100°C. After the reaction mixture was 
cooled to room temperature, saturated aqueous NaHC0 3 was added and the mixture 
extracted with EtOAc. The combined organic layers were washed with H 2 0, 
saturated aqueous NaCl, and then dried (Na 2 S0 4 ). The desiccant was filtered and the 
solvent was evaporated at reduced pressure. The residue was purified by column 
chromatography (silica gel) using CHCl 3 :MeOH (30: 1-15:1, v/v) to afford 1 .56 g of 
53 (90% yield) mp: 190-191 °C. 

l H NMR: 6 7.53-7.16 (m, 6H, aromatic), 6.83-6.67 (m, 2H, aromatic), 5.03 
(s, 2H, -OCH 2 Ph), 4.05-3.70 (m, 2H, 17a-OCH 2 -), 3.42 (d, 1H, 17p-H), 2.88 (s, 6H, 
-N(CH 3 ) 2 ), 0.72 (s, 3H, 18-CH 3 ). 

(d) Synthesis of 1 7a-(2 , -A^,A^-Dimethylaminoethoxy)estra- 1,3,5(1 0> 
trien-3-ol (54): 

To a solution of 3-benzyloxy-17a-(2 , -A^^/-dimethylaminoethoxy)estra- 
l,3,5(10)-triene (53, 1 .52 g, 3.5 mmol) in MeOH (20 mL) was added 10% palladium 
on carbon (0.500 g). The reaction mixture was stirred for 2 h under a hydrogen 
atmosphere at room temperature. After the catalyst was filtered, the solvent was 
evaporated at reduced pressure. The residue was washed with Et 2 0 to afford 1 .02 g 
of 76 (85% yield) mp: 233-235°C 

] H NMR (CDCVDMSO-dy: 6 7.10 (d, 1H, aromatic), 6.72-6.55 (m, 2H, 
aromatic), 4.05-3.70 (m, 2H, 17a-OCH 2 -), 3.41 (d, 1H, 17p-H), 2.86 (s, 6H, 
-N(CH 3 ) 2 ), 0.71 (s, 3H, 18-CH 3 ); MS (DCI): m/z344 (M + +H). 

(e) Synthesis of 1 7a-(2 , -A^Dimethylaminoethoxy)estra- 1,3,5(10)- 
triene-3-O-sulfamate (55): 

To a solution of chlorosulfonyl isocyanate (0.22 mL, 2.5 mmol) in CH 2 C1 2 
(1.0 mL) was added formic acid (0.5 mL of a CH 2 C1 2 solution, 5.0 M, 2.5 mmol) at 
0°C. The reaction mixture was warmed to room temperature and stirred for 1 h. To 
a solution of 17a-(2 , -^,7V-dimethylaminoethoxy)estra-l,3,5(10)-trien-3-ol (54, 0.172 
g, 0.5 mmol) in DMF (3.0 mL) and THF (1.0 mL) was added sodium hydride (0.100 
g of a mineral oil dispersion, 60%, 2.5 mmol) at 0°C. The reaction mixture was 
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stirred for 1 h, and the chlorosulfonyl isocyanate in formic acid was added, and 
stirring continued for 4 h. The reaction mixture was quenched with saturated aqueous 
NaHC0 3 at 0°C, and extracted with EtOAc. The combined organic layers were 
washed with H 2 0, saturated aqueous NaCl, and then dried (Na 2 S0 4 ). The desiccant 

5 was filtered and the solvent was evaporated at reduced pressure. The residue was 
purified by column chromatography (silica gel) using CHCl 3 :MeOH (12: 1-7: 1, v/v) 
to afford 0. 1 16 g of 55 (55% yield) mp: 136-138°C 

NMR: 5 7.27 (d, 1H, aromatic), 7.15-6.98 (m, 2H, aromatic), 6.20-5.65 
(m, 2H, -NH 2 ), 3.68-3.37 (m, 2H, 17a-OCH r ), 3.31 (d, 1H, 17P-H), 2.33 (s, 6H, 

10 -N(CH 3 ) 2 ), 0.67 (s, 3H, 18-CH 3 ); MS (DCI): m/z 423 (M + +H). 
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The following scheme illustrates the synthetic steps carried out in Examples 
19 and 20 to make the estrone sulfatase inhibitory compounds (59) and (65): 
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Example 19 
Preparation of 2-r.vano^tra-i i snny 
trieo-17/^ol-3-(9-5iulf a m a te 17/?- 0.acetate (S9\ 

(a) Synthesis of 3,17p-Dihydroxyestra-l,3,5(10)-triene-2-carboxaIdehyde 

5 (57): 

To a suspension of magnesium (2.07 g, 85 mmo!) in THF (20 mL) was added 
bromoethane (8.9 mL, 1 19 mmol) dissolved in THF (15 mL) at room temperature. 
Estradiol (56, 4.63 g, 17 mmol) dissolved in THF (40 mL) was added to the reaction 
mixture, and stirring continued for 30 min. The solvent was removed at reduced 

1 0 pressure, and to the residue were added benzene (200 mL), hexamethylphosphoric 
triamide (7.4 mL, 42.5 mmol) and paraformaldehyde (7.00 g). Stirring was 
continued for 20 h at 80°C. After the reaction mixture was cooled to room 
temperature, 5 N HC1 (150 mL) was added and the mixture extracted with EtOAc. 
The combined organic layers were washed with H 2 0, saturated aqueous NaCI, and 

1 5 then dried (Na 2 S0 4 ). The desiccant was filtered and the solvent was evaporated at 
reduced pressure. The residue was dissolved in MeOH (200 mL), 20% aqueous 
sodium hydroxide (25 mL) added, and the mixture stirred for 30 min at room 
temperature. The reaction mixture was acidified with 5 N HC1 at 0°C, the solvent 
evaporated at reduced pressure, and the residue extracted with EtOAc. The combined 

20 organic layers were washed with H 2 0, saturated aqueous NaCI, and then dried 
(N 2 S0 4 ). The desiccant was filtered and the solvent was evaporated at reduced 
pressure. The residue was purified by column chromatography (silica gel) using 
n-hexane:THF (5: 1 -2: 1, v/v) to afford 4.81 g of 57 (94% yield) mp: 219-221 °C. 

'H NMR: 6 10.77 (s, 1H, -OH), 9.81 (s, 1H, -CHO), 7.42 (s, 1H, aromatic), 

25 6.70 (s, 1 H, aromatic), 3.74 (t, 1 H, 1 7ar-H), 0.79 (s, 3H, 1 8-CH 3 ); MS (El): mlz 300 
(MO- 

(b) Synthesis of 2-Cyanoestra-l,3,5(10)-trien-3,17-/?-diol 17/^O-acetate 

(58): 

To a suspension of 3,1 7/?-dihydroxyestra- 1,3,5(1 0)-triene-2-carboxaldehyde 
30 (57, 0.300 g, 1 .0 mmol) in acetic acid (6.0 mL) was added sodium acetate (1.23 g, 1 5 
mmol), hydroxylamine hydrochloride (0. 139 g, 2.0 mmol). The reaction mixture was 
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stirred for 1 8 h under the reflux condition. After the reaction mixture was cooled to 
room temperature, diluted with EtOAc, and washed with H 2 0, saturated aqueous 
NaCl, and then dried (MgS0 4 ). The desiccant was filtered and the solvent was 
evaporated at reduced pressure. The residue was purified by column chromatography 
5 (silica gel) using n-hexane:EtOAc (3:1-2:1, v/v) to afford 0.259 g of 58 (76% yield) 
mp: 249-25 1°C. 

! H NMR: 6 7.38 (s, 1H, aromatic), 6.68 (s, 1H, aromatic), 4.69 (t, 1H, 
17a-H), 2.07 (s, 3H, -OCOCH 3 ), 0.83 (s, 3H, 18-CH 3 ); MS (EI): m/z 339 (NT); IR 
(nujol): 2229 cm" 1 , 1 733 cm" 1 . 

10 (c) Synthesis of 2-Cyanoestra-l,3,5(10)-trien-17P-ol-3-O-sulfamate 

17P-0-acetate(59): 

To a solution of chlorosulfonyl isocyanate (3.0 mL, 35 mmol) in CH 2 C1 2 (14 
mL) was added formic acid (7.0 mL of a CH 2 C1 2 solution, 5.0 M, 35 mmol) at 0°C. 
The reaction mixture was warmed to room temperature and stirred for 1 h. To a 

15 solution of 3-cyanoestra- 1,3,5(1 0)-trien-3-ol-17P-O-acetate (58, 2.38 g, 7.0 mmol) in 
DMF (40 mL) was added sodium hydride (1 .40 g of a mineral oil dispersion, 60%, 35 
mmol) at 0°C. The reaction mixture was stirred for 1 h, and the chlorosulfonyl 
isocyanate in formic acid was added, and stirring continued for 5 h. The reaction 
mixture was quenched with saturated aqueous NH 4 C1 at 0°C, and extracted with 

20 EtOAc. The combined organic layers were washed with H 2 0, saturated aqueous 
NaCl, and then dried (Na 2 S0 4 ). The desiccant was filtered and the solvent was 
evaporated at reduced pressure. The residue was purified by column chromatography 
(silica gel) using CHCl 3 :EtOAc (5:1-2:1, v/v) to afford 0.676 g of the starting 
material 58 (29% yield) and 1 .39 g of 59 (47% yield) mp: 1 82-1 83 °C. 

25 l Vt NMR: d 7.56 (s, 1H, aromatic), 7.25 (s, 1H, aromatic), 5.43 (s, 2H, -NH 2 ), 

4.70 (t, 1H, 17/r-H), 2.07 (s, 3H, -OCOCH 3 ), 30.83 (s, 3H, 18-CH 3 ); MS (EI): m/z 
418 (M + ); HRMS calcd for C 2 iH 25 N 2 0 5 Si 417.1484, found 417.1476; IR (nujol): 
3319 cm" 1 , 3216 cm" 1 , 2233 cm" 1 , 1703 cm" 1 . 

30 
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Example 20 

Preparation of 2-M ethoxvcarhnnvlestra-1 3 Hy- 
men- 17-one- 3-Q-sulf a mate i65) 

(a) Synthesis of 3,17p-Dihydroxyestra-l,3,5(10)-triene-2-carboxaldehyde 

(57): 

The procedure described in step (a) of Example 19 above was used to obtain 
57 from 56. 

(b) Synthesis of 3-Hydroxyestra- 1 ,3,5(10)-trien-l 7-one-2-carboxaldehyde 

(60) : 

To a solution of 3,17p-dihydroxyestra-l,3,5(10)-triene-2-carboxaldehyde (57, 
0.300 g, 1.0 mmol) in acetone (20 mL) was added Jones reagent (0.5 mL) at 0°C. 
The reaction mixture was stirred for 5 min, and quenched with 2-propanol, and 
extracted with EtOAc. The combined organic layers were washed with H 2 0, 
saturated aqueous NaCl, and then dried (MgS0 4 ). The desiccant was filtered and the 
solvent was evaporated at reduced pressure. The residue was purified by column 
chromatography (silica gel) using n-hexane:THF (4:1-3: 1, v/v) to afford 0.185 g of 
60 (62 % yield) mp: 154-157°C. 

! H NMR: d 10.83 (s, 1H, -OH), 9.86 (s, 1H, -CHO), 7.47 (s, 1H, aromatic), 
6.77 (s, 1H, aromatic), 0.97 (s, 3H, 18-CH 3 ); MS (EI): m/z 298 (M + ). 

(c) Synthesis of 3-Acetoxyestra-l ,3,5( 1 0)-trien- 1 7-one-2-carboxaldehyde 

(61) : 

To a solution of 3-hydroxyestra-l,3,5(10>trien-17-one-2-carboxaldehyde (60, 
1 .92 g, 6.43 mmol) of CH 2 C1 2 (30 mL) was added triethylamine (2.3 mL, 16 mmol) 
and acetic anhydride (0.94 mL, 9.6 mmol) at room temperature. The reaction 
mixture was stirred for 16 h, H 2 0 was added, and the mixture was extracted with 
EtOAc. The combined organic layers were washed with H 2 0, saturated aqueous 
NaCl, and then dried (Na 2 S0 4 ). The desiccant was filtered and the solvent was 
evaporated at reduced pressure. The residue was purified by column chromatography 
(silica gel) using n-hexane:EtOAc (2:1-3:2, v/v) to afford 2.08 g of 61 (95% yield) 
mp: 179-1 8 1°C. 
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*H NMR: d 10.06 (s, 1H, -CHO), 7.83 (s, 1H, aromatic), 6.94 (s, 1H, 
aromatic), 2.42 (s, 3H, -OCOCH 3 ), 0.96 (s, 3H, 18-CH 3 ). 

(d) Synthesis of S-Acetoxyestra-l^^ClOVtrien-n-one^-carboxylic acid 

(62): 

To a suspension of 3-acetoxyestra-l,3,5(10)-trien-17-one-2-carboxaldehyde 
(61, 1.20 g, 3.5 mmol) in acetonitrile (17 mL) and H 2 0 (2.1 mL) were added 30% 
hydrogen peroxide (0.53 mL) and sodium phosphate monobasic (1.79 g) at room 
temperature. Sodium chlorite (0.935 g in a H 2 0 (7.0 mL) solution) was added 
dropwise to the reaction mixture over a 1 h period, and stirring continued for an 
additional 2 h at room temperature. The reaction mixture was quenched with sodium 
sulfite, acidified with 10% HC1, and extracted with EtOAc. The combined organic 
layers were washed with H 2 0, saturated aqueous NaCl, and then dried (Na 2 S0 4 ). 
The desiccant was filtered and the solvent was evaporated at reduced pressure. The 
residue was washed with Et 2 0 to afford 1 .06 g of 62 (85% yield) mp: 1 80-1 81 °C. 

! H NMR: d 8.04 (s, 1H, aromatic), 6.86 (s, 1H, aromatic), 2.33 (s, 3H, 
-OCOCH3), 0.92 (s, 3H, I8-CH3); MS (EI): m/z 356 (M + ) 

(e) Synthesis of Methyl 3-Acetoxyestra-l,3,5(10)-trien-l 7-one- 
2-carboxylate (63): 

To a solution of 3-acetoxyestra-l,3,5(10)-trien-17-one-2-carboxylic acid (62, 
1 .07 g, 3.0 mmol) in dichloroethane (10 mL) was added thionyl chloride (0 28 mL, 
3 .9 mmol) and DMF (1 drop) at room temperature. The reaction mixture was stirred 
for 30 min at 80°C. After the reaction mixture was cooled to 0°C, MeOH (5.0 mL) 
and triethylamine (1 .0 mL) were added, and stirred for 1 h. The reaction mixture was 
diluted with EtOAc and washed with H 2 0, saturated aqueous NaCl, and then dried 
(Na 2 S0 4 ). The desiccant was filtered and the solvent was evaporated at reduced 
pressure. The residue was purified by column chromatography (silica gel) using 
n-hexane:EtOAc (3:1-3:2, v/v) to afford 0.764 g of 63 (69% yield) mp: 182-183°C. 

'hNMR. d 7.95 (s, 1H, aromatic), 6.83 (s, 1H, aromatic), 3.85 (s, 3H, 
-COOCH3), 2.34 (s, 3H, -OCOCH3), 0.92 (s, 3H, I8-CH3). 

(0 Synthesis of Methyl 3 -Hydroxy estra- 1,3,5(1 0)-trien-17-one- 
2-carboxylate (64): 
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To a solution of methyl 3-acetoxyestra-l, 3,5(1 0)-trien-17-one-2-carboxylate 
(63, 0.746 g, 2.0 mmol) in THF (10 mL) and MeOH (15 mL) was added sodium 
hydride (0.240 g of a mineral oil dispersion, 60%, 6.0 mmol) at 0°C. The reaction 
mixture was stirred for 30 min, and quenched with saturated aqueous NH 4 C1 at 0°C, 
and extracted with EtOAc. The combined organic layers were washed with H 2 0, 
saturated aqueous NaCl, and then dried (Na 2 S0 4 ). The desiccant was filtered and the 
solvent was evaporated at reduced pressure. The residue was purified by column 
chromatography (silica gel) using n-hexane:EtOAc (3:1, v/v) to afford 0.572 g of 64 
(87% yield) mp: 178-179°C. 

'H NMR: d 10.50 (s, 1H, -OH), 7.73 (s, 1H, aromatic), 6.72 (s, 1H, aromatic), 
3.93 (s, 3H, -COOCH3), 0 -92 (s, 3H, I8-CH3); M S (EI): m/z 328 (NT). 

(g) Synthesis of 2-Methoxycarbonylestra- 1,3,5(1 0)-trien- 1 7-one- 
3-0-sulfamate (65): 

To a solution of chlorosulfonyl isocyanate (0.43 mL, 5.0 mmol) in CH 2 C1 2 
(2.0 mL) was added formic acid (1.0 mL of a CH 2 CI 2 solution, 5.0 M, 5.0 mmol) at 
0°C. The reaction mixture was warmed to room temperature and stirred for 1 h. To 
a solution of methyl 3-hydroxyestra-l,3,5(10)-trien-17-one-2-carboxylate (64, 0.328 
g, 1.0 mmol) in DMF (5.0 mL) and THF (2.0 mL) was added sodium hydride (0.20 g 
of a mineral oil dispersion, 60%, 5.0 mmol) at 0°C. The reaction mixture was stirred 
for 1 h, and the chlorosulfonyl isocyanate in formic acid was added, and stirring 
continued for 2 h at 0°C and additional 14 h at room temperature. The reaction 
mixture was quenched with saturated aqueous NH 4 CI at 0°C, and extracted with 
EtOAc. The combined organic layers were washed with H 2 O t saturated aqueous 
NaCl, and then dried (Na 2 S0 4 ). The desiccant was filtered and the solvent was 
evaporated at reduced pressure. The residue was purified by column chromatography 
(silica gel) using n-hexane:EtOAc (3 : 1 - 1 : 1 , v/v) to afford 0.233 g of the starting 
material 64 (71% yield) and 0.055 g of 65 (14% yield) mp: 139-140°C. 

'h NMR: d 7.85 (s, 1H, aromatic), 7.20 (s, 1H, aromatic), 3.91 (s, 3H, 
-COOCH3), 0.92 (s, 3H, I8-CH3); MS (DCI): m/z 425 (M*+NH 4 + ). 
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The following scheme illustrates the synthetic steps carried out in Examples 
21, 22 and 23 to make the estrone sulfatase inhibitory compounds (67), (69) and (71): 




Scheme 1 } 

Example ?! 
Preparation of 2-Methoxyestra- 1 . 3. 5( 1 0 V- 
trien-17-one-3-Q-sulfamate (61) 
To a solution of chlorosulfonyl isocyanate (0.43 mL, 5.0 mmol) in CH 2 C1 2 
(2.0 mL) was added formic acid (1.0 mL of a CH 2 C1 2 solution, 5.0 M, 5.0 mmol) at 
0°C. The reaction mixture was warmed to room temperature and stirred for 1 h. To 
a solution of 2-methoxyestra- 1,3,5(1 0)-trien-3-ol (66, 0.300 g, 1.0 mmol) in DMF 
(5.0 mL) was added sodium hydride (0.200 g of a mineral oil dispersion, 60%, 5.0 
mmol) at 0°C. The reaction mixture was stirred for 1 h, and the chlorosulfonyl 
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isocyanate in formic acid was added, and stirring continued for 1 h and additional 2 h 
at room temperature. The reaction mixture was quenched with saturated aqueous 
NH 4 C1 at 0°C, and extracted with EtOAc. The combined organic layers were washed 
with H 2 0, saturated aqueous NaCl, and then dried (Na 2 S0 4 ). The desiccant was 
5 filtered and the solvent was evaporated at reduced pressure. The residue was purified 
by column chromatography (silica gel) using n-hexane:EtOAc (2: 1 - 1 : 1 , v/v) to 
afford 0.210 g of 67 (55% yield) mp: 176-177°C. 

l H NMR: d 7.06 (s, 1H, aromatic), 6.93 (s, 1H, aromatic), 5.06 (s, 2H, -NH 2 ), 
3.88 (s, 3H, -OCH3X 0.92 (s, 3H, I8-CH3); MS (EI): m/z 379 (M + ); HRMS calcd. for 
10 C 19 H24N,0 5 S 1b 378.1375; found, 378.1368. 

Example 22 

Preparatio n of 2-Methoxv-p 7r20^Z1-l 9-norpregna- 
L3.5n0Y 17 f20Vtetraene-3-Q-sulfamate (69^ 
15 (a) Synthesis of 2-Methoxy-[17(20)Z]-19-norpregna-l,3,5(10),17(20)- 

tetraen-3-ol (68); 

To a suspension of ethyltriphenylphosphonium bromide (2. 14 g, 6.0 mmol) in 
THF (15 mL) was added potassium /er/-butoxide (0.670 g, 6.0 mmol) and stirred for 
30 min at room temperature. The reaction mixture was added 2-methoxyestra- 

20 l,3,5(10)-trien-3-ol (66), 0.600 g, 2.0 mmol), stirred for 6 h at reflux condition. The 
reaction mixture was quenched with saturated aqueous NH 4 C1 at 0°C and extracted 
with EtOAc. The combined organic layers were washed with H 2 0, saturated aqueous 
NaCl, and then dried (Na 2 S0 4 ). The desiccant was filtered and the solvent was 
evaporated at reduced pressure. The residue was purified by column chromatography 

25 (silica gel) using n-hexane:EtOAc (15:1^10:1, v/v) to afford 0. 57 1 g of 68 (91 % 
yield) mp: 126-127°C. 

] H NMR: d 6.80 (s, 1H, aromatic), 6.64 (s, 1H, aromatic), 5.42 (s, 1H, -OH), 
5.23-5.08 (m, 1H, =CH-CH 3 ), 3.86 (s, 3H, -OCH 3 ), 0.92 (s, 3H, I8-CH3); MS (EI): 
ot/z312(M + ). 

30 (b) Synthesis of 2-Methoxy-[17(20)Z]-19-norpregna-l,3,5(10),17(20)- 

tetraene-3-0-sulfamate (69): 
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To a solution of chlorosulfonyl isocyanate (0.22 mL, 2.5 mmol) in CH 2 C1 2 
(1.0 mL) was added formic acid (0.5 mL of a CH 2 CI 2 solution, 5 .0 M, 2.5 mmol) at 
0°C. The reaction mixture was wanned to room temperature and stirred for 1 h. To 
a solution of 2-methoxy-[17(20)Z]-19-norpregna-l,3,5(10),17(20)-tetraen-3-ol (68, 

5 0. 1 56 g, 0.5 mmol) in DMF (3.0 mL) was added sodium hydride (0. 100 g of a 

mineral oil dispersion, 60%, 2.5 mmol) at 0°C. The reaction mixture was stirred for 
1 h, and the chlorosulfonyl isocyanate in formic acid was added, and stirring 
continued for 2 h. The reaction mixture was quenched with saturated aqueous NH 4 C1 
at 0°C, and extracted with EtOAc. The combined organic layers were washed with 

10 H 2 0, saturated aqueous NaCl, and then dried (Na 2 S0 4 ). The desiccant was filtered 
and the solvent was evaporated at reduced pressure. The residue was purified by 
column chromatography (silica gel) using n-hexane:EtOAc (5:1-3:1, v/v) to afford 
0.191 gof69 (98% yield) mp: 171-172°C. 

} U NMR: d 7.03 (s, 1H, aromatic), 6.94 (s, 1H, aromatic), 5.25-5.10 (m, 1H, 

15 =CH-CH 3 ), 5.00 (s, 2H. -NH 2 ), 3.87 (s, 3H, -OCH 3 ), 0.92 (s, 3H, 18-CH 3 ); MS 
(DCI): m/z 409 (M + +NH 4 + ), 392 (M + +H). 

Example 23 
Preparation of 2-Methoxv-19-norpregna- 
20 1 3.5f 10Vtriene -3-O-sulfamate HY\ 

(a) Synthesis of 2-Methoxy-[17(20)Z]-19-norpregna.],3,5(10),17(20)- 
tetraen-3-ol (68): 

The procedure described in step (a) of Example 22 above was used to obtain 
68 from 66. 

25 (b) Synthesis of 2-Methoxy-19-norpregna-l,3,5(10)-trien-3-ol (70): 

To a solution of 2-methoxy-[17(20)Z]-19-norpregna-l,3,5(10),17(20)-tetraen- 
3-ol (68, 0.312 g, 1.0 mmol) in MeOH (3.0 mL) and THF (3.0 mL) was added 10% 
palladium on carbon (0.1 50 g). The reaction mixture was stirred for 2 h under a 
hydrogen atmosphere at room temperature. After the catalyst was filtered, the solvent 

30 was evaporated at reduced pressure. The residue was purified by column 
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chromatography (silica gel) using n-hexane:EtOAc (10:1, v/v) to afford 0.287 g of 70 
(91% yield) rap: 124-125°C. 

*H NMR: d 6.80 (s, IH, aromatic), 6.64 (s, 1H, aromatic), 5.41 (s, 1H, -OH), 
3.86 (s, 3H, -OCH 3 ), 0.90 (t, 3H, 21-CH 3 ), 0.61 (s, 3H, 18-CH 3 ); MS (EI): m/z 314 ' 
(M*). 

(c) Synthesis of 2-Methoxy-19-norpregna-l,3,5(10)-triene-3-O-sulfamate 

(71): 

By using the procedure described in step (b) of Example 22 above, beginning 
with 2-methoxy-19-norpregna-I,3,5(10)-trien-3-ol (70, 0.157 g, 0.5 mmol), 0.191 g 
of 71 (97% yield; mp: 191-192'C) was obtained after chromatography 
(n-hexane:EtOAc 5:1-2:1, v/v). 

'H NMR: d 7.03 (s, 1H, aromatic), 6.94 (s, 1H, aromatic), 4.98 (s, 2H. -NH 2 ), 
3 87 (s, 3H, -OCH3), 0.91 (s, 3H, 21-CH 3 ), 0.62 (s, 3H, 18-CH 3 ); MS (DCI): m/z 41 \ 
(M*+NH 4 + ), 394 (M + +H). 

The following scheme illustrates the synthetic steps carried out in Examples 
24 and 25 to make the estrone sulfatase inhibitory compounds (73) and (75): 
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Example 24 
Preparation of 2-Dimethylaminomethylestra- 
1 3 5( 1 OVtrien- 1 7-one-3-Q-sulfamate (73^ 

(a) Synthesis of 2-Dimethylaminomethyl-3-hydroxyestra-l,3,5(10)-trien-17- 
one(72): 

To a suspension of estrone (11, 5.40 g, 20 mmol) in EtOH (100 mL) and 
benzene (60 mL) were added paraformaldehyde (0.600 g, 20 mmol) and 
A^^T^AT-tetramethyldiaminomethane (5.5 mL, 40 mmol), and stirred for 20 h at 
80° C. After the reaction mixture was cooled to 0°C, 5 N HC1 was added. The 
aqueous layer was washed with Et 2 0, and basified with aqueous NH 4 OH. The 
precipitate was collected by filtration and washed with H 2 0, and recrystallized from 
EtOH to afford 4.37 g of 72 (67% yield) mp: 172-1 73 °C. 

*H NMR: d 6.86 (s, 1H, aromatic), 6.57 (s, 1H, aromatic), 3.59 (AB type, 2H, 
-CH 2 -N(CH 3 ) 2 ), 2.31 (s, 6H, -N(CH 3 ) 2 ), 0.91 (s, 3H, 18-CH 3 ); MS (EI): m/z 327 
(M + ). 

(b) Synthesis of 2-Dimethylaminomethylestra-l,3,5(10)-trien-17-one-3-O- 
sulfamate (73): 

To a solution of chlorosulfonyl isocyanate (0.46 mL, 5.0 mmol) in CH 2 C1 2 
(2.0 mL) was added formic acid (1.0 mL of a CH 2 C1 2 solution, 5.0 M, 5.0 mmol) at 
0°C. The reaction mixture was warmed to room temperature and stirred for 1 h. To 
a solution of 2-dimethylaminomethyl-3-hydroxyestra-l,3,5(10)-trien-17-one (72, 
0.327 g, 1.0 mmol) in DMF (5.0 mL) was added sodium hydride (0.200 g of a 
mineral oil dispersion, 60%, 5.0 mmol) at 0°C. The reaction mixture was stirred for 
1 h, and the chlorosulfonyl isocyanate in formic acid was added; stirring then 
continued for 3 h. The reaction mixture was quenched with saturated aqueous 
NaHC0 3 at 0°C, and extracted with EtOAc. The combined organic layers were 
washed with H 2 0, saturated aqueous NaCl, and then dried (Na 2 S0 4 ). The desiccant 
was filtered and the solvent was evaporated at reduced pressure. The residue was 
purified by column chromatography (silica gel) using n-hexane: acetone (3:1-3:2, v/v) 
to afford 0.093 g of the starting material 72 (28% yield) and 0.1 15 g of 73 (28% 
yield) mp: 148-1 49°C. 
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NMR: d 7.21 (s, 1H, aromatic), 7.14 (s, 1H, aromatic), 3.48 (s, 2H, 
.CH2-N(CH3)2), 2.30 (s, 6H, -N(CH 3 ) 2 ), 0.92 (s, 3H, 18-CH 3 ); MS (DCI); m/z 407 
(M + +H). 

5 Example 25 

Preparation of 2-Methoxvmethvlestra-1.3.5f 10V 
trien-17-one-3-Q-sulfamate (75) 

(a) Synthesis of 2-DimethyIaminomethyl-3-hydroxyestra- 1,3,5(1 0)-trien- 
17-one (72): 

10 The procedure described in step (a) of Example 24 above was followed to 

obtain 72. 

(b) Synthesis of 3-Hydroxy-2-methoxymethylestra-l,3,5(10)-trien-17-one 

(74) : 

To a suspension of 2-dimethylaminomethyl-3-hydroxyestra-l,3,5(10)- 
1 5 trien-17-one (72, 2.0 g, 6. 1 mmol) in Et 2 0 (200 mL) was added iodemethane (10 mL, 
161 mmol) and stirred for 20 h at room temperature. The precipitate was collected by 
filtration and washed with Et 2 0. The solid was dissolved in MeOH (50 mL) and 
added potassium hydroxide (5.0 g, 85%, 76 mmol), and stirred for 3 h at reflux 
condition. After the reaction mixture was cooled to room temperature, solvent was 
20 evaporated at reduced pressure until half volume. The reaction mixture was acidified 
with 5 N HC1 at 0°C, and extracted with Et 2 0. The combined organic layers were 
washed with H 2 0, saturated aqueous NaCl, and then dried (Na 2 S0 4 ). The desiccant 
was filtered and the solvent was evaporated at reduced pressure. The residue was 
purified by column chromatography (silica gel) using CHCl 3 :EtOAc (15:1-10:1, v/v) 
25 toafford 1.34 g of 74 (88% yield) mp: 149-151°C. 

l H NMR: 6 6.93 (s, 1H, aromatic), 6.63 (s, 1H, aromatic), 4.62 (AB type, 2H, 
-CH2-OCH3), 3.43 (s, 3H, -OCH3), 0.91 (s, 3H, I8-CH3); MS (EI): m/z 314 (M + ). 

(c) Synthesis of 2-Methoxymethylestra-l,3,5(10).trien-17^>ne-3-(9-sulfamate 

(75) : 

30 To a solution of chlorosulfonyl isocyanate (0.46 mL, 5.0 mmol) in CH 2 C1 2 

(2.0 mL) was added formic acid (1.0 mL of a CH 2 C1 2 solution, 5.0 M, 5.0 mmol) at 
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0°C. The reaction mixture was warmed to room temperature and stirred for 1 h. To 
a solution of 3-hydroxy-2-methoxymethylestra- 1,3,5(1 0)-trien-17-one (74, 0.314 g, 
1 .0 mmol) in DMF (5.0 mL) was added sodium hydride (0.200 g of a mineral oil 
dispersion, 60%, 5.0 mmol) at 0°C. The reaction mixture was stirred for 1 h, and the 

5 chlorosulfonyl isocyanate in formic acid was added, and stirring continued for 1 h. 
The reaction mixture was quenched with saturated aqueous NH 4 C1 at 0°C, and 
extracted with EtOAc. The combined organic layers were washed with H 2 0, 
saturated aqueous NaCl, and then dried (Na 2 S0 4 ). The desiccant was filtered and the 
solvent was evaporated at reduced pressure. The residue was purified by column 

10 chromatography (silica gel) using CHCl 3 :EtOAc (10:1-3:1, v/v) to afford 0.321 g of 
75 (82% yield) mp: 1 73-1 74° C. 

'H NMR: 6 7.30 (s, 1H, aromatic), 7.20 (s, 1H, aromatic), 5.39 (S, 2H, 
-NH 2 ), 4.47 (S, 2H, -CH 2 -OCH 3 ), 3.44 (s, 3H, -OCH 3 ), 0.92 (s, 3H, 18-CH 3 ); MS 
(EI): m/z 393 (M + ). 

15 

The following scheme illustrates the synthetic steps carried out in Examples 
26 through 31 to make compounds (77), (78), (83), (88), (93), and (96): 
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25 Example 26 

Preparation of 4-Nitroestra-1.3.5nOV 
trien-17-one-3-0-su)ftnmte (77) 
(a) Synthesis of 3-Hydroxy-4-nitroestra-l, 3,5(1 0)-trien-l 7-one (76a) and 
3-Hydroxy-2-nitroestra-l,3,5(10)-trien-l 7-one (76b): 
30 To a suspension of estrone (1 1, 8. 1 1 g, 30 mmol) in acetic acid (250 mL) was 

heated to 120°C and cooled to 50°C. To the reaction mixture was added 70% nitric 
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acid (2.27 mL, 36 mmol, in an acetic acid (8.0 mL) solution) at 50° C, and stirred for 
20 h at room temperature. The precipitate was filtered and washed with acetic acid, 
H 2 0, Et 2 0 to afford 1.18 g of 76a (13% yield) mp: >250°C. To the filtrate was 
added H 2 0; it was then extracted with Et 2 0. The combined organic layers were 
5 washed with H 2 0, saturated aqueous NaCl, and then dried (Na 2 S0 4 ). The desiccant 
was filtered and the solvent was evaporated at reduced pressure. The residue was 
purified by column chromatography (silica gel) using n-hexane:EtOAc (2:1, v/v) to 
afford 3.25 g of 76b (34% yield) mp: 178-180°C. 

76a: *H NMR: 8 9.46 (s, 1H, -OH), 7.52 (d, 1H, aromatic), 7.03 (d, 1H, 

10 aromatic), 0.98 (s, 3H, 1 8-CH 3 ); MS (EI): miz 3 1 5 (M + ). 

76b: 'H NMR: 6 10.44 (s, 1H, -OH), 8.02 (s, 1H, aromatic), 6.90 (s, 1H, 
aromatic), 0.96 (s, 3H, 18-CH 3 ); MS (EI): miz 315 (M + ). 

(b) Synthesis of 4-Nitroestra-l, 3,5(1 O)-trien-17-one-3-0-suIfamate (77): 
To a solution of chlorosulfonyl isocyanate (0.43 mL, 5.0 mmol) in CH 2 CI 2 

15 (2.0 mL) was added formic acid (1 .0 mL of a CH 2 CI 2 solution, 5.0 M, 5.0 mmol) at 
0°C. The reaction mixture was warmed to room temperature and stirred for 1 h. To 
a solution of 3-hydroxy-4-nitroestra-l,3,5(10)-trien-17-one (76a, 0.315 g, 1.0 mmol) 
in DMF (5 .0 mL) was added sodium hydride (0.200 g of a mineral oil dispersion, 
60%, 5.0 mmol) at 0°C. The reaction mixture was stirred for 1 h, and the 

20 chlorosulfonyl isocyanate in formic acid was added, and stirring continued for 4 h at 
room temperature. The reaction mixture was quenched with saturated aqueous 
NH 4 C1 at 0°C, and extracted with EtOAc. The combined organic layers were washed 
with H 2 0, saturated aqueous NaCl, and then dried (Na 2 S0 4 ). The desiccant was 
filtered and the solvent was evaporated at reduced pressure. The residue was purified 

25 by column chromatography (silica gel) using n-hexane:EtOAc (3:1-3:2, v/v) to 

afford 0.084 g of the starting material 76a (27% yield) and 0.243 g of 77 (62 % yield) 
mp: 178-180°C. 

] H NMR: 5 7.49 (d, 1H, aromatic), 7.43 (d, 1H, aromatic), 5.22 (s, 2H, 
-NH 2 ), 0.92 (s, 3H, I8-CH3); MS (EI): m/z 394 (M + ). 
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Example 27 
Preparation of 2-Nitroestra- 1 .3 . 5(1 0 V 
trien-17-one-3-Q-sulfamate (78) 

(a) Synthesis of 3-Hydroxy-4-nitroestra-l,3,5(10)-trien-17-one (76a) and 
5 S-Hydroxy^-nitroestra-l^^ClO^ien-n-one (76b): 

The procedure described in step (a) of Example 26 above was used to obtain 
76a and 76b from 11. 

(b) Synthesis of 2-Nitroestra- 1,3,5(1 0>trien- 1 7-one-3-0-sulfamate (78): 
The procedure described in step (b) of Example 26 above was used to obtain 

10 0. 1 22 g of the starting material 76b (39% yield) and 0. 1 65 g of 78 (42% yield; mp: 
107-109°C) from 3-hydroxy-2-nitroestra-l,3,5(10)-trien-17-one (76b, 0.315 g, 1.0 
mmol) after chromatography (n-hexane:acetone 4:1-3:2, v/v). 

] H NMR: 6 7.76 (s, 1H, aromatic), 7.29 (s, 1H, aromatic), 5.43 (s, 2H, -NH 2 ), 
0.91 (s, 3H, 18-CH 3 ); MS (DCI): m/z 412 (M + +NH 4 + ); HRMS calcd for 

15 Ci 8 H 2 iN 2 0 6 S] 393.1120, found 393.1127. 

Example 28 

Preparation of 2-Dimethylaminoestra-1.3.5(10V 
trien-17-one-3-Q-sulfamate (S3) 
20 (a) Synthesis of (76b): 

The procedure in step (a) of Example 26 above was used to obtain 76b from 

11. 

(b) Synthesis of 3-Benzyloxy-2-nitroestra-l,3,5(10)-trien-17-one (79): 
To a solution of 3-hydroxy-2-nitroestra-l,3,5(10)-trien-17-one (76b, 1.58 g, 
25 5.0 mmol) in DMF (20 mL) were added potassium carbonate (1 .38 g, 10 mmol) and 
benzyl bromide (0.9 mL, 7.5 mmol) and stirred for 19 h at room temperature. To the 
reaction mixture was added saturated aqueous NH4CI at 0°C and extracted with 
CHCI3. The combined organic layers were washed with H 2 0, saturated aqueous 
NaCl, and then dried (Na 2 S0 4 ). The desiccant was filtered and the solvent was 
30 evaporated at reduced pressure. The residue was washed with Et 2 0 to afford 2.01 g 
of 79 (99% yield) mp: 234-235°C. 
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'H NMR: 6 7.83 (s, 1H, aromatic), 7.55-7.30 (m, 5H, aromatic), 6.83 (s, 1H, 
aromatic), 5.19 (s, 2H, -OCH 2 -Ph), 0.91 (s, 3H, 18-CH 3 ). 

(c) Synthesis of 3-Benzyloxy-2-aminoestra-l,3,5(10)-trien-17-one (80): 

To a suspension of 3-benzyloxy-2-nitroestra-l,3,5(10)-trien-17-one (79, 1.82 
5 g, 4.5 mmol) in acetone (250 mL) were added 0.5 N aqueous NaOH (60 mL, 30 
mmol) and sodium hydrosulfite (85%, 6.0 g) at 80°C, and stirred for 1 h. After the 
reaction mixture was cooled to room temperature, H 2 0 (150 mL) was added, acetone 
was removed at reduced pressure, and the remainder allowed to stand for 3 h at 0°C. 
The precipitate was collected by filtration and washed with H 2 0 to afford 1 . 1 5 g of 
10 80 (68% yield) mp: 205-207°C. 

*H NMR: 6 7.60-7.30 (m, 5H, aromatic), 6.70 (s, 1H, aromatic), 6.60 (s, 1H, 
aromatic), 5.05 (s, 2H, -OCH 2 -Ph), 0.91 (s, 3H, 18-CH 3 ). 

(d) Synthesis of 3-Benzyloxy-2-dimethylaminoestra-l,3,5(10)-trien-17-one 

(81) : 

15 To a suspension of 3-benzyloxy-2-aminoestra-l,3,5(10)-trien-17-one (80, 

0.75 1 g, 2.0 mmol) in THF (2.0 mL) and CH 3 CN (10 mL) were added 37% aqueous 
formaldehyde (4.0 mL) and sodium cyanoborohydride (0.377 g, 6.0 mmol) and 
stirred for 2 h at room temperature. Additional sodium cyanoborohydride (0.377 g, 
6.0 mmol) was then added to the reaction mixture, which mixture was then stirred for 

20 20 h. Next, saturated aqueous NH 4 C1 at 0°C, was added to the reaction mixture, and 
it was then extracted with EtOAc. The combined organic layers were washed with 
H 2 0, saturated aqueous NaCl, and then dried (Na 2 S0 4 ). The desiccant was filtered 
and the solvent was evaporated at reduced pressure. The residue was purified by 
column chromatography (silica gel) using n-hexane:THF (5:1-3:1, v/v) to afford 

25 0.797 g of 81 (99% yield) mp: 1 65-166°C. 

] H NMR: 6 7.55-7.25 (m, 5H, aromatic), 6.89 (s, 1H, aromatic), 6.65 (s, 1H, 
aromatic), 5.12 (s, 2H, -OCH 2 -Ph), 2.82 (s, 6H, -N(CH 3 ) 2 ), 0.92 (s, 3H, 18-CH 3 ). 

(e) Synthesis of 2-Dimethylamino-3-hydroxyestra- 1 ,3,5( 1 0)-trien- 1 7-one 

(82) : 

30 To a solution of 3-benzyloxy-2-dimethyIaminoestra-l,3,5(10>trien-17-one 

(81, 0.666 g, 1.65 mmol) in THF (30 mL) was added 10% palladium on carbon 
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(0.200 g). The reaction mixture was stirred for 1 h under a hydrogen atmosphere at 
room temperature. After the catalyst was filtered, the solvent was evaporated at 
reduced pressure. The residue was purified by column chromatography (silica gel) 
using n-hexane:EtOAc (3:1-2:1, v/v) to afford 0.462 g of 82 (89% yield) mp: 
5 160-161 °C. 

] H NMR: 6 7.09 (s, 1H, aromatic), 6.68 (s, 1H, aromatic), 2.64 (s, 6H, 
-N(CH 3 ) 2 ), 0.92 (s, 3H, 1 8-CH 3 ); MS (EI): m/z 3 1 3 (M + ). 

(0 Synthesis of 2-Dimethylaminoestra-l,3,5(10)-trien-17-one-3-O-sulfamate 

(83): 

10 To a solution of chlorosulfonyl isocyanate (0.22 mL, 2.5 mmol) in CH 2 C1 2 

(1.0 mL) was added formic acid (0.5 mL of a CH 2 C1 2 solution, 5.0 M, 2.5 mmol) at 
0°C. The reaction mixture was warmed to room temperature and stirred for 1 h. To 
a solution of 2-dimethylamino-3-hydroxyestra-l,3,5(10)-trien-17-one (82, 0.157 g, 
0.5 mmol) in DMF (3 .0 mL) was added sodium hydride (0.100 g of a mineral oil 

15 dispersion, 60%, 2.5 mmol) at 0°C. The reaction mixture was stirred for 1 h, the 
chlorosulfonyl isocyanate in formic acid was added, and stirring continued for 2 h. 
The reaction mixture was quenched with saturated aqueous NaHC0 3 at 0°C, and 
extracted with EtOAc. The combined organic layers were washed with H 2 0, 
saturated aqueous NaCl, and then dried (Na 2 S0 4 ). The desiccant was filtered and the 

20 solvent was evaporated at reduced pressure. The residue was purified by column 
chromatography (silica gel) using n-hexane:THF (3:1-2:1, v/v) to afford 0.082 g of 
the starting material 82 (52% yield) and 0.070 g of 83 (36% yield) mp: 178-179°C. 

'HNMR: 5 7.05 (s, 1H, aromatic), 7.02 (s, 1H, aromatic), 2.79 (s, 6H, 
-N(CH 3 )2), 0.92 (s, 3H, 1 8-CH 3 ); MS (EI): m/z 392 (M + ). 

25 

Example 29 
Preparation of 4-Dimethvlaminoestra- 
1.3.5d0Vtrien-17-nnft- 3-O-sulfamateffl>t) 
(a) Synthesis of (76a): 

30 The procedure described in step (a) of Example 26 above was used to obtain 

76a from II. 
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(b) Synthesis of 3-Benzyloxy-4-nitroestra-l,3,5(10>trien-17-one (84): 
To a solution of 3-hydroxy-4-nitroestra-l,3,5(10)-trien-17-one (76a, 3.15 g, 

10 mmol) in DMF (40 mL) were added potassium carbonate (2.76 g, 20 mmol) and 
benzyl bromide (1.8 mL, 15 mmol); the mixture was then stirred for 1 h at room 
temperature. Saturated aqueous NH 4 CI at 0°C was then added, and the mixture was 
extracted with CHC1 3 . The combined organic layers were washed with H 2 0, 
saturated aqueous NaCl, and then dried (Na 2 S0 4 ). The desiccant was filtered and the 
solvent was evaporated at reduced pressure. The residue was washed with Et 2 0 to 
afford 3.73 g of 84 (92% yield) mp: 1 98-1 99°C. 

] H NMR: 6 7.45-7.20 (m, 6H, aromatic), 6.87 (d, 1H, aromatic), 5.15 (s, 2H, 
-OCH 2 -Ph), 0.92 (s, 3H, 18-CH 3 ). 

(c) Synthesis of 3-Benzyloxy-4-aminoestra-l,3,5(10>trien-17-one (85): 
To a suspension of 3-benzyloxy-4-nitroestra-l,3,5(10)-trien-17-one (84, 3.24 

g, 8.0 mmol) in acetone (400 mL) were added 0.5 N aqueous NaOH (100 mL, 50 
mmol) and sodium hydrosulfite (85%, 10 g) at 80°C; the mixture was then stirred for 
1 h. After the reaction mixture was cooled to room temperature, H 2 0 (300 mL) was 
added; Acetone was then removed at reduced pressure, and the mixture allowed to 
stand for 3 h at 0°C. The precipitate was collected by filtration and washed with H,0 
to afford 2.29 g of 85 (76% yield) mp: 219-221 °C. 

20 ! H NMR: 8 7.50-7.30 (m, 5H, aromatic), 6.76 (d, 1H, aromatic), 6.71 (d, 1H, 

aromatic), 5.08 (s, 2H, -OCH 2 -Ph), 0.90 (s, 3H, 18-CH 3 ). 

(d) Synthesis of 3-Benzyloxy-4-dimethylaminoestra-l,3,5(10)-trien-17-one 

(86): 

To asuspension of 3-benzyloxy-4-aminoestra-l,3,5(10)-trien-17-one (85, 
25 0. 188 g, 0.5 mmol) in THF (1.0 mL) and CH 3 CN (5.0 mL) were added 37% aqueous 
formaldehyde (1 .0 mL) and sodium cyanoborohydride (0.251 g, 4.0 mmol); the 
mixture was then stirred for 3 h at room temperature. Additional sodium 
cyanoborohydride (0.251 g, 4.0 mmol) was then added, and the mixture stirred for 24 

h. Saturated aqueous NH 4 C1 at 0°C was added, and the mixture extracted with 
30 EtOAc. The combined organic layers were washed with H 2 0, saturated aqueous 

NaCl, and then dried (Na 2 S0 4 ). The desiccant was filtered and the solvent was 
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evaporated at reduced pressure. The residue was purified by column chromatography 
(silica gel) using n-hexane:EtOAc (3:1-1:1, v/v) to afford 0. 1 09 g of 86 (54% yield). 

*H NMR: 6 7.53-7.26 (m, 5H, aromatic), 7.07 (d, 1H, aromatic), 6.79 (d, 1H, 
aromatic), 5.07 (s, 2H, -OCH 2 -Ph), 2.78 (s, 6H, -N(CH 3 )2), 0.90 (s, 3H, 18-CH 3 ). 

(e) Synthesis of 4-Dimethylamino-3-hydroxyestra-l,3,5(10)-trien-17-one 

(87) : 

To a solution of 3-benzyloxy-4-dimethylaminoestra- 1,3,5(1 0)-trien-17-one 
(86, 0.271 g, 0.67 mmol) in THF (10 mL) was added 10% palladium on carbon 
(0.200 g). The reaction mixture was stirred for 1 h under a hydrogen atmosphere at 
room temperature. After the catalyst was filtered, the solvent was evaporated at 
reduced pressure. The residue was purified by column chromatography (silica gel) 
using n-hexane:EtOAc (5:1-3:1, v/v) to afford 0.171 g of 87 (81% yield) mp: 
155-156°C. 

*H NMR: 5 7.06 (d, 1H, aromatic), 6.78 (d, 1H, aromatic), 2.84 and 2.82 (s 
and s, each 3H, -N(CH 3 ) 2 ), 0.91 (s, 3H, 18-CH 3 ); MS (EI): m/z 313 (M + ). 

(0 Synthesis of 4-Dimethylaminoestra-l,3,5(10)-men-17-one-3-O-sulfamate 

(88) : 

To a solution of chlorosulfonyl isocyanate (0. 16 mL, 1 .8 mmol) in CH 2 C! 2 
(0.7 mL) was added formic acid (0.36 mL of a CH 2 C1 2 solution, 5.0 M, 1.8 mmol) at 
0°C. The reaction mixture was warmed to room temperature and stirred for 1 h. To 
a solution of 4-dimethylamino-3-hydroxyestra-I,3,5(10)-trien-17-one (87, 0.112 g, 
0.36 mmol) in DMF (2.0 mL) was added sodium hydride (0.070 g of a mineral oil 
dispersion, 60%, 1.7 mmol) at 0°C. The reaction mixture was stirred for 1 h, the 
chlorosulfonyl isocyanate in formic acid was then added, and stirring continued for 2 
h. The reaction mixture was quenched with saturated aqueous NaHC0 3 at 0°C, and 
extracted with EtOAc. The combined organic layers were washed with H 2 0, 
saturated aqueous NaCl, and then dried (Na 2 S0 4 ). The desiccant was filtered and the 
solvent was evaporated at reduced pressure. The residue was purified by column 
chromatography (silica gel) using n-hexane:EtOAc (3: 1-3:2, v/v) to afford 0.069 g of 
the starting material 87 (61% yield) and 0.034 g of 88 (24% yield) mp: 151-152°C. 
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H NMR: 6 7.20 (d, 1H, aromatic), 7.09 (d, 1H, aromatic), 5.20-4.90 (br s, 
2H, -NHj), 2.84 (s, 6H, ^(CH^, 0 92 (s, 3H, 18-CH 3 ); MS (EI): m/z 392 QA + ). 

Example 30 
Preparation of 7-AretoamiHftretrj» .i,3 SHOW 
trien-17-one-3-<9-siilf a m,, tff <<n) 

(a) Synthesis of (76b): 

The procedure described in step (a) of Example 26 above was used to obtain 
76b from 11. 

(b) Synthesis of 3-/er/-Butyldimethylsilyloxy-2-nitroestra-l ,3,5(1 0)-trien- 1 7- 
one (89): 

To a solution of 3-hydroxy-2-nitroestra-l,3,5(I0)-trien-17-one (76b, 1.10 g, 
3.5 mmol) in DMF (10 mL) were added imidazole (0.476 g, 7.0 mmol) and tert- 
butyldimethylchlorosilane (0.690 g, 4.6 mmol) at room temperature. The reaction 
mixture was stirred for 1 h, and diluted with EtOAc, and washed with H 2 0, saturated 
aqueous NaCl, and then dried (Na 2 S0 4 ). The desiccant was filtered and the solvent 
was evaporated at reduced pressure. The residue was purified by column 
chromatography (silica gel) using n-hexane:EtOAc (5:1-2:1, v/v) to afford 1.45 g of 
89 (97% yield) mp: 184-185°C. 

*H NMR: 6 7.76 (s, 1H, aromatic), 6.68 (s, 1H, aromatic), 1.01 (s, 9H, 
-C(CH 3 ) 3 ), 0.92 (s, 3H, 18-CH 3 ), 0.24 (s, 6H, -Si(CH 3 ) 2 ). 

(c) Synthesis of 2-Amino-3-/er/-butyldimethyl-silyloxyestra-l,3,5( 1 0)-trien- 
17-one (90): 

To a solution of 3-^-butyldimethyIsilyloxy-2-nitroestra-l,3,5(10)-trien-17- 
one (89, 1.29 g, 3.0 mmol) in THF (30 mL) was added 10% palladium on carbon 
(0.200 g). The reaction mixture was stirred for 18 h under a hydrogen atmosphere at 
room temperature. After the catalyst was filtered, the solvent was evaporated at 
reduced pressure. The residue was purified by column chromatography (silica gel) 
using n-hexane:EtOAc (5:1-3:1, v/v) to afford 1.08 g of 90 (87% yield) mp: 
173-174°C. 
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l H NMR: 6 6.66 (s, 1H, aromatic), 6.45 (s, 1H, aromatic), 1.01 (s, 9H, 
-C(CH 3 ) 3 ), 0.90 (s, 3H, 18-CH 3 ), 0.24 (s, 6H, -Si(CH 3 )2). 

(d) Synthesis of 2-Acetoamide-3-/er/-butyldimethyl-siIyloxyestra- 1 ,3,5(10)- 
trien-I7-one (91): 

To a solution of 2-amino-3-/err-butyldimethyl-silyloxyestra-l,3,5(10)-trien- 
17-one (90, 0.416 g, 1.0 mmol) in CH 2 C1 2 (5.0 mL) were added triethylamine (0.34 
ml, 2.5 mmol) and acetic anhydride (0.14 mL, 1.5 mmol), and stirred for 4 h at room 
temperature. Saturated aqueous NaHC0 3 were next added to the reaction mixture, 
which mixture was then extracted with EtOAc. The combined organic layers were 
washed with H 2 0, saturated aqueous NaCI, and then dried (Na 2 S0 4 ). The desiccant 
was filtered and the solvent was evaporated at reduced pressure. The residue was 
purified by column chromatography (silica gel) using n-hexane:EtOAc (5:1-3:1, v/v) 
to afford 0.354 g of 91 (80% yield). 

^NMR: 6 8.24 (s, 1H, aromatic), 7.55 (s, 1H, -NHCOCH 3 ), 6.52 (s, 1H, 
aromatic), 2.15 (s, 3H, -NHCOCH3), 1-03 (s, 9H, -C(CH 3 ) 3 ), 0.90 (s, 3H, 18-CH 3 ), 
0.25 (s, 6H, -Si(CH 3 ) 2 ). 

(e) Synthesis of 2-Acetoamide-3-hydroxyestra-l,3,5(10)-trien-17-one (92): 
To a solution of 2-acetoamide-3-/er/-butyldimethylsilyloxyestra-l, 3,5(10)- 

trien-17-one (91, 0.339 g, 0.77 mmol) in THF (5.0 mL) was added 
tetrabutylammonium fluoride (0.80 mL of a THF solution, 1.0 0.80 mmol) at 0°C. 
The reaction mixture was stirred for 10 min, diluted with EtOAc, washed with H 2 0, 
saturated aqueous NaCl, and then dried (Na 2 S0 4 ). The desiccant was filtered and the 
solvent was evaporated at reduced pressure. The residue was washed with Et 2 0 to 
afford 0.228 g of 92 (91% yield) mp: >250°C. 

l H NMR: 6 8.62 (s, 1H, aromatic), 7.53 (s, 1H, -NHCOCH 3 ), 6.86 (s, 1H, 
-OH), 6.76 (s, 1H, aromatic), 2.25 (s, 3H, -NHCOCH3), 0.91 (s, 3H, 18-CH 3 ); MS 
(EI):/«/2 327(M + ). 

(0 Synthesis of 2-Acetoamideestra-l,3,5(10)-trien-17-one-3-O-sulfamate 

(93): 

To a solution of chlorosulfonyl isocyanate (0.22 mL, 2.5 mmol) in CH 2 C1 2 
(1.0 mL) was added formic acid (0.5 mL of a CH 2 C1 2 solution, 5.0 M, 2.5 mmol) at 
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0°C. The reaction mixture was warmed to room temperature and stirred for 1 h. To 
a solution of 3-hydroxy-2-acetoamideestra- 1,3,5(1 0)-trien-17-one (92, 0.163 g, 0.5- 
mmol) in DMF (3.0 mL) was added sodium hydride (0. 1 00 g of a mineral oil 
dispersion, 60%, 2.5 mmol) at 0°C. The reaction mixture was stirred for 1 h, the 
5 chlorosulfonyl isocyanate in formic acid was then added, and stirring continued for 3 
h. The reaction mixture was quenched with saturated aqueous NH 4 C1 at 0°C, and 
extracted with EtOAc. The combined organic layers were washed with H 2 0, 
saturated aqueous NaCl, and then dried (Na 2 S0 4 ). The desiccant was filtered and the 
solvent was evaporated at reduced pressure. The residue was purified by column 
10 chromatography (silica gel) using CHC1 3 :THF (5:1-2:1, v/v) to afford 0.130 g of 93 
(64% yield) mp. 180-182°C. 

*H NMR: 8 7.93 (s, 1H, -NHCOCH 3 ), 7.74 (s, 1H, aromatic), 7.12 (s, 1H, 
aromatic), 5.61 (s, 2H, -NH 2 ), 2.16 (s, 3H, -NHCOCH3), 0.89 (s, 3H, I8-CH3); MS 
(DCI): m/z 407 (M + +H). 

15 

Example 3 1 
Preparation of 4-Acetoamideestra-1.3.5n0V 
trien-17-one-3-Q-sulfamate (96\ 

(a) Synthesis of 4-Amino-3-benzyloxyestra-l,3,5(10)-trien-17-one (85): 

20 The procedure described in step (a) of Example 26 above was used to obtain 

76b from 11. 

(b) Synthesis of 3-Benzyloxy-4-aminoestra-l,3,5(10)-trien«17-one (85): 

The procedure described in steps (b) and (c) of Example 29 above was used to 
obtain 85 from 76b. 

25 (c) Synthesis of 4-Acetoamide-3-benzyloxyestra-l,3,5(10)-trien-17-one (94): 

To a suspension of 4-amino-3-benzyloxyestra- 1,3,5(1 0)-trien-17-one (85, 0.376 g, 
1.0 mmol) in CH 2 C1 2 (5.0 mL) and THF (2.0 mL) were added triethylamine (0.34 ml, 
2.5 mmol) and acetic anhydride (0. 14 mL, 1.5 mmol); the mixture was then stirred 
for 20 h at room temperature. Saturated aqueous NaHC0 3 was then added to the 

30 reaction mixture, which mixture was then extracted with EtOAc. The combined 
organic layers were washed with H 2 0, saturated aqueous NaCl, and then dried 
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(Na 2 S0 4 ). The desiccant was filtered and the solvent was evaporated at reduced 
pressure. The residue was washed with Et 2 0 to afford 0.338 g of 94 (81% yield) mp: 
212-213°C. 

] H NMR: 6 7.47-7.30 (m, 5H, aromatic), 7.18 (d, 1H, aromatic), 6.82 (d, 1H, 
5 aromatic), 6.75 (s, 1H, -NHCOCH 3 ), 5.06 (s, 2H, -OCH 2 Ph), 2.17 (s, 3H, 
-NHCOCH3), 0.90 (s, 3H, 1 8-CH3). 

(d) Synthesis of 4-Acetoamide-3-hydroxyestra- 1,3,5(1 0)-trien- 1 7-one (95): 
To a solution of 4-acetoamide-3-ben2yloxyestra-l,3,5(10>trien-l 7-one (94, 

0.313 g, 0.75 mmol) in THF (10 mL) was added 10% palladium on carbon (0.100 g). 
10 The reaction mixture was stirred for 3 h under a hydrogen atmosphere at room 

temperature. After the catalyst was filtered, the solvent was evaporated at reduced 
pressure. The residue was purified by column chromatography (silica gel) using 
n-hexane:acetone (2:1-3:2, v/v) to afford 0.250 g of 95 (100% yield) mp: 
I58-159°C 

15 ] H NMR: 5 7.17 (d, 1H, aromatic), 7.08 (s, 1H, -NHCOCH 3 ), 6.91 (d, 1H, 

aromatic), 2.31 (s, 3H, -NHCOCH3), 0.90 (s, 3H, I8-CH3); MS (EI): m/z 327 (M + ). 

(e) Synthesis of 4-Acetoamideestra-l,3,5(10)-trien-17-one-3-O-sulfamate 

(96): 

To a solution of chlorosulfonyl isocyanate (0.22 mL, 2.5 mmol) in CH 2 C1 2 
20 (1 .0 mL) was added formic acid (0.5 mL of a CH 2 C1 2 solution, 5.0 M, 2.5 mmol) at 
0°C. The reaction mixture was warmed to room temperature and stirred for 1 h. To 
a solution of 3-hydroxy-4-acetoamideestra-l,3,5(10)-trien-17-one (95, 0.152 g, 0.46 
mmol) in DMF (3.0 mL) was added sodium hydride (0. 100 g of a mineral oil 
dispersion, 60%, 2.5 mmol) at 0°C. The reaction mixture was stirred for 1 h, the 
25 chlorosulfonyl isocyanate in formic acid was added, and stirring continued for 3 h. 
The reaction mixture was quenched with saturated aqueous NH 4 C1 at 0°C, and 
extracted with EtOAc. The combined organic layers were washed with H 2 0, 
saturated aqueous NaCl, and then dried (Na 2 S0 4 ). The desiccant was filtered and the 
solvent was evaporated at reduced pressure. The residue was purified by column 
30 chromatography (silica gel) using n-hexane: acetone (3:1-3:2, v/v) to afford 0.040 g 
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of the starting material 95 (27% yield) and 0.087 g of 96 (47% yield) mp: 
176-178°C. 

'HNMRCCDC^-DMSO-^e): d 8.14 (d, 1H, aromatic), 7.32 (d, 1H, 
aromatic), 6.59 (s, 2H, -NH 2 ), 2.21 (s, 3H, -NHCOCH 3 ), 0.90 (s, 3H, I8-CH3); MS 
(DCI): m/z 424 (M + +NH 4 + ), 407 (M + +H). 



Example 37 
Preparation nf /?-H» mo-9-nO^ IQ^-ahen^fp. 
J.3,5(10) 9n9Wetra e n.l 1 17 .dione.l.D.s,.lf am *> foo) 




25 



30 



Scheme 14 

(a) Synthesis of 3-Hydroxy-/?-homo-9-( 1 0- 1 9)-abeoestra- 1 ,3,5(1 0),9( 1 9)- 
tetraen-ll,17-dione (98): 

To a solution of 3-methoxy-/?-homo-9-(10-19)-abeoestra-l,3,5(10),9(19). 
tetraen-1 1,17-dione (97, 0.93 1 g, 3.0 mmol) in CH 2 C1 2 (35 mL) was added boron 
tribromide (15 mL of a CH 2 C1 2 solution, 1.0 M, 15 mmol) at O'C. After stirring for 
3 h, additional boron tribromide (5.0 mL of a CH 2 C1 2 solution, 1.0 M, 5.0 mmol) was 
added. The reaction mixture was stirred for an additional 1 h, then quenched with 
H 2 0, and then extracted with EtOAc. The combined organic layers were washed 
with H 2 0, saturated aqueous NaCI, and then dried (Na 2 S0 4 ). The desiccant was 
filtered and the solvent was evaporated at reduced pressure. The residue was purified 
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by column chromatography (silica gel) using CHCl 3 :EtOAc (5:1, v/v) to afford 0.552 
g of 98 (62% yield) mp: 225-226°C. 

] H NMR: 6 7.56-7.20 (m, 2H, aromatic), 6.80-6.70 (m, 2H, aromatic), 5.53 
(s, 1H, -OH), 0.99 (s, 3H, 18-CH 3 ); MS (EI): m/z 296 (M + ). 

(b) Synthesis of P-Homo-9-(10- 19)-abeoestra-l,3,5(10),9(19)-tetraen-l 1,17- 
dione-3-0-sulfamate (99): 

To a solution of chlorosulfonyl isocyanate (2.6 mL, 30 mmol) in CH 2 C1 2 (15 
mL) was added formic acid (6.0 mL of a CH 2 C1 2 solution, 5.0 M, 30 mmol) at 0°C. 
The reaction mixture was wanned to room temperature and stirred for 1 h. To a 
solution of 3-hydroxy-^homo-9-(10-19)-abeoestra-l J 3,5(10),9(19>tetraen-ll,17- 
dione (98, 1 .78 g, 6.0 mmol) in DMF (40 mL) was added sodium hydride (0.840 g of 
a mineral oil dispersion, 60%, 21 mmol) at 0°C. The reaction mixture was stirred for 
1 h, then the chlorosulfonyl isocyanate in formic acid was added, and stirring 
continued for 2 h. The reaction mixture was quenched with saturated aqueous NH 4 C1 
at 0°C, and extracted with EtOAc. The combined organic layers were washed with 
H 2 0, saturated aqueous NaCl, and then dried (MgS0 4 ). The desiccant was filtered 
and the solvent was evaporated at reduced pressure. The residue was purified by 
column chromatography (silica gel) using CHCl 3 :MeOH (30:1-15:1, v/v) to afford 
1.68 g of 99 (75% yield) mp: 191-192°C 

] H NMR (CDCi 3 -DMSO-</6): d 7.44-7.12 (m, 4H, aromatic), 6.94 (s, 2H, 
-NH 2 ), 0.88 (s, 3H, 18-CH 3 ); MS (NES): m/z 374 (M + -H); HRMS calcd. for 
c l9H 20 N 1 O 5 S L 374.1062; found, 374.1049. 

Example 33 
Biological Evaluation: Procedures and Results 

A: Effects of Inhibitors on Estrone Sulfatase Activity in MCF-7 Cells 
Reagents: MCF-7 human breast cancer cell line was supplied by the American 
Type Culture Collection, Rockville, MD. Eagle's minimum essential medium (MEM) 
and fetal calf serum (FCS) were purchased from Sigma chemical Company, St. 
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Louis, MO. [4- 14 C]Estrone, [6,7- 3 H]estradiol and [6,7- 3 H](N)estrone sulfate were 
obtained from New England Nuclear Research Products, Boston, MA. 

Procedure: The method of Duncan et al., Cancer Res. 53:298-303 (1993) was 
employed. MCF-7 cells were seeded in 60mm x 15mm culture dishes at 1 x 10 5 
5 cells/dish and maintained in 4.0 ml of MEM containing 2 mM glufamine and 5% 
FCS. The cells were incubated at 37°C in an atmosphere of 5% C0 2 /95% air and 
100% humidity, with the medium changed every third day. when the cells reached 
80% confluency, the intact monolayers were washed once with Earl's balanced salt 
solution and incubated in 4.0 ml of serum and phenol re-free MEM containing either 

10 the substrate ( 3 H-estrone sulfate, 7 pmol, 9 x 10 5 dpm) and inhibitor dissolved in 
ethanol, or ethanol alone. The final ethanol concentration was always below 1%. 
The incubation continued under the regular conditions for 24 h. At the end of 24 h, 
2.0 ml of medium was transferred into separate tubes containing 7 x 10 3 dpm of ,4 C- 
estrone. The mixture was vortexed vigorously for 60 s with 5 ml of toluene. After 

15 phase separation, 2.0 ml of the organic phase was transferred into a counting vial for 
scintillation counting. The amount of estrone sulfate hydrolyzed was calculated on 
the basis of 3 H counts obtained, with the added 14 C-estrone counts used to correct for 
recovery through the extraction procedure. 

The cells remaining in each culture dish were washed once with saline and 

20 then scraped with 1 .0 ml of 0.5 N NaOH into 10 x 75 mm tubes. The cell pellets in 
each tube was incubated at 50° C for 20 min to ensure that digestion was complete 
and all proteins had became soluble. An aliquot was then taken for protein 
determination by Lowry's method (Lowry et al., 1 Biol Chem. J2i:265-275 (1951)). 
The percentage of inhibition was determined by evaluating the quantity of 

25 estrone sulfate hydrolyzed with the inhibitor relative to that without the inhibitor. 

As a general practice, all available inhibitors were first tested at 100 fiM; the 
ones showing inhibitory effects at that concentration were tested again at various 
concentrations to obtain the IC 50 values. 
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B t UterpfrQphjc ?n( j antjuterotrpphig assays 

Sprague Dawley rates are obtained from Simmonsen Laboratories, Gilroy, 
CA. Estradiol benzoate may be purchased from Sigma Chemical Co., St. Louis, MO. 

The procedure of Wakeling et al., Endocrinology 99:447-453 (1983) is 
5 followed. Female Sprague Dawley rats weighing 40-50 grams are used for the 
experiment. In general, animals are quarantined for 3 days after arrival at the 
experimental site. 

Rats are initially weighed and randomly divided into groups with 5 animals in 
each group. For the uterotrophic assay, animals are dosed once daily with various 
10 doses of test compounds in 0. 1 or 1.0 ml of sterile saline via subcutaneous injection 
or oral gavage, respectively. For the antiuterotrophic assay, animals are dosed once 
daily with the same doses indicated above plus 0.5 fig/rat of estradiol benzoate alone. 

The animals are treated for 7 days. On day 8, animals are weighed and then 
sacrificed. The uterus of each animal is removed immediately after death and 
1 5 weighed; fat materials are trimmed off prior to weighing. 

A comparison of uterine weights from the groups receiving test compound 
alone with those of the vehicle control group gives the estrogenic activity. 
Antiestrogenic activity is obtained by comparing the uterine weights from the groups 
receiving test compound plus estradiol with those of the estradiol control group. 
20 The results of the biological testing procedures used to evaluate the 

compounds of the invention are set forth in the following table: 



1 

Compound 
Number 


Estrone Sulfatase 
Inhibitory Activity 

ICso 


Estrogenic 
Activity 


5 


250 pM 


0.40 


7 


21 pM 


0.66 


10 


2nM 


0 


13 


80 pM 


0.05 


15 


38 pM 


0.30 


17 


11 pM 


0.55 
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Compound 
Number 


Estrone Sulfatase 
Inhibitory Activity 


Estrogenic 
Activity 


1 o 


2U pM 


U.54 


O 1 


34 pM 


A 
U 


07 


yo pM 


A AO 

0.02 


Oft 


2/ pM 


A OA 

0.20 


oo 

32 


2. / nM 


0 


34 


270 pM 


0 


36 


90 pM 


0.44 


39 


34 nM 


0 


44 


24 nM 


0 


47 


23 nM 


0.27 


52 


310 pM 


0 


55 


26 nM 


0 


59 


300 pM 


0 


65 


>1 nM 


0 


67 


1 £. — . X if 

16 pM 


0 


69 


2.5 nM 


0 


/ 1 


1.5 nM 


0 


/3 


>1 |lM 


0 


O^ 


2 nM 


0 


/ / 


<lu nM 


0 


Oft 


*7 «X 4 

/ nM 


0 


83 


270 nM 


o 


88 


515nM 


0 


93 


410nM 


0.02 


96 


290 nM 


0 


99 


26 nM 


0 
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CLAIMS 

We claim: 

1 . A compound having the structural formula 



10 



(I) 



r'r 2 no 2 so 




15 



wherein: 

20 rl is an optional double bond; 

R' and R are selected from the group consisting of hydrogen and lower alkyl, 
or together form a cyclic substituent (II) 




30 wherein Q is NH, O or CH 2 ; 
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R 3 is selected from the group consisting of hydrogen, -CN, -N0 2 , -COOR 4 
wherein R 4 is hydrogen or lower alkyi, -(CH^OR 5 and -(CH^NRV wherein n is 
0 to 6, R 5 is hydrogen or lower alkyi, and R 6 and R 7 are selected from the group 
consisting of hydrogen, lower alkyi and lower acyl, or together form the cyclic 
substituent (II); 

R is selected from the group consisting of hydrogen, -N0 2> and NR 6 R 7 ; 

9 10 

R andR are independently selected from the group consisting of hydrogen 
and lower alkyi; 

when rl is present, one of R 1 1 and R 12 is not present and the other is 
hydrogen, lower alkyi, lower alkenyl, lower alkynyl, lower alkoxy, lower acyl, lower 
acyloxy, or -(CH 2 ) m -0-(CH 2 ) q -NR 6 R 7 wherein m and q are integers in the range of 0 
to 6 and 1 to 6, respectively; and 

when rl is not present, one of R n and R 12 is hydrogen and the other is lower 
alkyi, lower alkenyl, lower alkynyl, lower alkoxy, lower acyl, lower acyloxy, or 
-( CH 2)m-°-(CH 2 ) q -NR 6 R 7 wherein m and q are integers in the range of 0 to 6 and 1 
to 6, respectively, or R 11 and R 12 together form =0 or =CR ,3 R 14 in which R 13 and 
R 14 are independently selected from the group consisting of hydrogen, lower alkyi, 
-CN, -(CH 2 ) m -0-(CH 2 ) q -NR 6 R 7 and -COOR 4 ; 
and pharmaceutical^ acceptable salts and esters thereof. 

2. The compound of claim 1 wherein R 1 , R 2 , R 9 and R 10 are hydrogen, 
and the optional double bond rl is not present. 

3. The compound of claim 2 wherein R 1 1 and R 12 together form =0. 

4. The compound of claim 2 wherein R 1 1 and R 12 together form 
=CR 13 R 14 in which one of R 13 and R 14 is hydrogen, or R 13 and R 14 are both -CN. 

5. The compound of claim 2 wherein one of R 1 1 and R 12 is hydrogen and 
the other is -(CH 2 ) m -0(CH 2 ) q -N(CH 3 ) 2 , m is 0 or 1, and q is 2, 3 or 4. 
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6. A method for inhibiting the enzymatic activity of estrone sulfatase 
comprising contacting the enzyme with an effective estrone sulfatase inhibiting 
amount of a compound having the structural formula (I) 



5 




wherein: 

20 rl is an optional double bond; 

R 1 and R 2 are selected from the group consisting of hydrogen and lower alkyl, 
or together form a cyclic substituent (II) 



25 (II) 




wherein Q is NH, O or CH 2 ; 

R 3 is selected from the group consisting of hydrogen, -CN, -N0 2> -COOR 4 
30 wherein R 4 is hydrogen or lower alkyl, -(CH 2 ) n OR 5 and -(CH 2 ) n NR 6 R 7 wherein n is 
0 to 6, R 5 is hydrogen or lower alkyl, and R 6 and R 7 are selected from the group 



SUBSTITUTE SHEET (RULE 26) 



WO 99/33858 



PCT/US98/27333 



-97- 

consisting of hydrogen, lower alkyl and lower acyl, or together form the cyclic 

substituent (II); 
8 

R is selected from the group consisting of hydrogen, -N0 2 , and NRV; 
9 10 

R and R are independently selected from the group consisting of hydrogen 
and lower alkyl; 

when rl is present, one of R 1 1 and R 12 is not present and the other is 
hydrogen, lower alkyl, lower alkenyl, lower alkynyl, lower alkoxy, lower acyl, lower 
acyloxy, or -(CH 2 ) m -0-(CH 2 ) q -NR 6 R 7 wherein m and q are integers in the range of 0 
to 6 and 1 to 6, respectively; and 

when rl is not present, one of R 11 and R 12 is hydrogen and the other is lower 
alkyl, lower alkenyl, lower alkynyl, lower alkoxy, lower acyl, lower acyloxy, or - 
( CH 2)m-°-(CH 2 ) q -NR 6 R 7 wherein m and q are integers in the range of 0 to 6 and 1 to 
6, respectively, or R n and R 12 together form =0 or =CR 13 R 14 in which R 13 and R 14 
are independently selected from the group consisting of hydrogen, lower alkyl, -CN, 
-(CH 2 ) m -0-(CH 2 ) q ^ 6 R 7 and -COOR 4 ; 
or a pharmaceutical^ acceptable salt or ester thereof 

7. The method of claim 6 wherein, in the compound of formula (I), R 1 , 
R 2 , R 9 and R 10 are hydrogen, and the optional double bond rl is not present. 

8. The method of claim 7 wherein, in the compound of formula (I), R 1 1 
and R 12 together form =0. 

9. The method of claim 7 wherein, in the compound of formula (I), R 1 1 
and R 12 together form =CR 13 R 14 in which one of R 13 and R 14 is hydrogen, or R 13 
and R 14 are both -CN. 

1 0. The method of claim 7 wherein, in the compound of formula I, R 1 1 
and R 12 is hydrogen and the other is -(CH 2 ) m -0(CH 2 ) q -N(CH 3 ) 2 , m is 0 or 1, and q is 
2, 3 or 4. 
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1L A method for treating an individual with an estrogen-dependent disorder, 
comprising administering to the individual a pharmacologically effective amount of a 
compound of structural formula (I) 



(1) 



R , R 2 N0 2 SO 




wherein: 

rl is an optional double bond; 

R 1 and R 2 are selected from the group consisting of hydrogen and lower alkyl, 
or together form a cyclic substituent (II) 



(ii) 



o 



wherein Q is NH, O or CH 2 ; 

R 3 is selected from the group consisting of hydrogen, -CN, -N0 2 , -COOR 4 
wherein R 4 is hydrogen or lower alkyl, -(CH^OR 3 and -(CH 2 ) n NR 6 R 7 wherein n is 
0 to 6, R 5 is hydrogen or lower alkyl, and R 6 and R 7 are selected from the group 
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consisting of hydrogen, lower alkyl and lower acyl, or together form the cyclic 
substituent (II); 



► 8 - 



R is selected from the group consisting of hydrogen, -N0 2 , and NR 6 R 7 ; 
9 ]0 

R and R are independently selected from the group consisting of hydrogen 
and lower alkyl; 

when rl is present, one of R n and R 12 is not present and the other is 
hydrogen, lower alkyl, lower alkenyl, lower alkynyl, lower alkoxy, lower acyl, lower 
acyloxy, or -(CH^-O-CCH^-NrV wherein m and q are integers in the range of 0 
to 6 and 1 to 6, respectively; and 

when rl is not present, one of R n and R 12 is hydrogen and the other is lower 
alkyl, lower alkenyl, lower alkynyl, lower alkoxy, lower acyl, lower acyloxy, or 
*( CH 2)m-°-(CH 2 ) q -NR R wherein m and q are integers in the range of 0 to 6 and 1 
to 6, respectively, or R 11 and R 12 together form =0 or =CR 13 R 14 in which R 13 and 

14 

m independently selected from the group consisting of hydrogen, lower alkyl, 
-CN, -(CH 2 ) m -0-(CH 2 ) q -NR 6 R 7 and -COOR 4 ; 
or a pharmaceutical^ acceptable salt or ester thereof. 



12. The method of claim 1 1 wherein, in the compound of formula (I), R 1 , 
R , R 9 and R 10 are hydrogen, and the optional double bond rl is not present. 

13. The method of claim 12 wherein, in the compound of formula (I), R 1 1 
and R I? together form =0. 



14. The method of claim 1 2 wherein, in the compound of formula (I), 
of R 13 and R 14 is hydrogen, or R 13 and R 14 are both -CN. 



one 



15. The method of claim 1 2 wherein, in the compound of formula (I), one 
of R 1 1 and R 12 is hydrogen and the other is -(CH 2 ) m -0(CH 2 ) q -N(CH 3 ) 2 , m is 0 or 1, 
and q is 2, 3 or 4. 



SUBSTITUTE SHEET (RULE 26) 



WO 99/33858 



PCT/US98/27333 



-100- 

16. A pharmaceutical composition comprising an effective estrone sulfatase 
inhibiting amount of the compound of claim 1 in combination with a 
pharmaceutical^ acceptable carrier. 

17. A pharmaceutical composition comprising an effective estrone 
sulfatase inhibiting amount of the compound of claim 2 in combination with a 
pharmaceutical^ acceptable carrier. 

18. A pharmaceutical composition comprising an effective estrone 
sulfatase inhibiting amount of the compound of claim 3 in combination with a 
pharmaceutical^ acceptable carrier. 

19. A pharmaceutical composition comprising an effective estrone 
sulfatase inhibiting amount of the compound of claim 4 in combination with a 
pharmaceutical^ acceptable carrier. 

20. A pharmaceutical composition comprising an effective estrone 
sulfatase inhibiting amount of the compound of claim 5 in combination with a 
pharmaceutical^ acceptable carrier. 
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